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Foreword 


It haii been said that Ameriea’s space program 
awakened mankind to the significance of tlie warn- 
ing of conservationists and environmentalists that 
the Earth is indeed finite. It was Christmas Eve, 
1968, that NASA’s Apollo 8 rounded the Moon 
and took pictures of the Earth, pictures that thrill- 
ed TV viewers the world around. The sight inspired 
Archibald MacLeish to write in the December 26, 
1968 New York Times: 

“For the first time in all of time, men have 
seen the Eai'th: seen it not as continents or 
oceans from the little distance of a hundred 
miles or two or three, but seen it from the 
depths of space; seen it whole and round and 
beautiful and small • . . a tiny raft in the enor- 
mous empty night.” 

The sight brought home to man for the first 
time the importance of his giving careful thought 
to making the best use of his resources on this 
“tiny raft.” 

It has also been said that Americr^’s space pro- 
gram provides man with the promise of solving the 
problems concerned with his wise husbanding of 
the Earth’s resources. 

The flights of NASA’s weather satellites and its 
Geminis and Apollos showed man the possible uses 
of Earth observations from space. The flights of 
NASA’s Skylab plus those of its LANDSAT 1 and 
2 made clear that this potential could be realized. 
From the information gained by such observations, 
mankind might successfully plan its future use of 
Earth’s resources in such pursuits as land-use plan- 
ning, agriculture, water resources management, 
fishing, forestry, transportation, and mining. 

This publication, What's the Use of Land?, is 
one of the first efforts in social studies teaching to 
show how NASA’s space observations can integrate 
with other data sources in social studies, as well as 
in environmental education. It is a valuable, pio- 
neering effort in curriculum literature of the social 
studies. 

The idea for undertaking a social studies in- 
structional unit in this little-understood but impor- 
tant area of mankind’s progress grew out of a 
NASA-sponsored conference conducted by 


NASA’s Educational Programs Division and the Na- 
tional Council for the Social Studies at the Mar- 
shall Space Flight Center in June 1974. Present 
were NASA scientists and educationists who dis- 
cussed the social implications of science and tech- 
nology with selected curriculum leaders of the so- 
cial studies. 

Among those present wore Anthony J. Petrillo, 
Director of Secondary Education, Jefferson 
County, Colorado, Public Schools, and Francis I. 
Tallentire, a member of the Skylab Education Pro- 
gram team at neighboring Denver’s Martin Marietta 
Aerospace, who was serving as a Conference con- 
sultant. After their discussions together and later 
with colleagues, a committee from the Jefferson 
County Schools assisted by Martin Marietta person- 
nel de\'eloped and used this teaching unit. 

For those social studies educators interested in 
environmental education, not only as an area of 
societal concern but also as a field for interdisci- 
plinary instruction and school-community involve- 
ment, this how-it-can-be-dono guide should provide 
useful ideas and helpful suggestions. 

Appreciation is expressed to Dr. William C, 
Schneider, NASA’s Deputy Associate Administra- 
tor for Space Flight, and Mr. Tom Hanes of his 
staff, who served as the Skylab Educational Pro- 
gram contact, whose interest and support made the 
Marshall Conference possible; to Dr. Frederick B. 
Tuttle, Director of NASA’s Educational Programs, 
and Mr. Robert S. Ticmann, Educational Programs 
Officer, NASA, for coordinating this publication 
activity; and to Dr, Ted Paludan, of the Earth Re- 
sources Office at the Marshall Center, whose work 
with the Conference inspired lliis effort. 

We appreciate the initiative and creativity of 
the Jefferson County Public Schools in conducting 
this project, particularly the contribution of Mr. 
Petrillo and his colleagues, Mr. William White, So- 
cial Studies Coordinator; Ms B. J. Meadows, Envir- 
onmental Education Coordinator; Mr. Ilai'old J. 
Pratt, Science Coordinator; Mr. Alan B, Swanson, 
Science Teacher, Columbine High School; Mr, 
Calvin G. Johnston, Social Studies Teacher, Bear 
Creek Senior I-Iigh School; and Mr. William C. Von 
Villi, Social Studies Teacher, Carmody Junior Migli 
School. 
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For evaluation of the publication, we thank Dr. 
Wendell F. McBurney, Director, Office of Sponsor- 
ed Programs, Indiana University-Purdue University 
at Indianapolis; Dr. Lee Summerlin, Associate Pro- 
fessor, School of Natural Sciences, University of 
Alabama in Birmingham; Mr. Edward C. Stoever, 
Jr., School of Geology and Geophysics, University 
of Oklahoma; and Dr. James R. Wailes, Professor 
of Science Education, University of Colorado. 

To the Army Corps of Engineers, particularly 
Major Peter J. Novembre and Mr. Larry S, Buss, 
appreciation is expressed for assisting the project 
with information on dams and the 1965 Colorado 
Flood. 


Preface 

In 1973 the National Aeronautics and Space 
Administration published a series of books with 
the general title of “Skylab Experiments.” The ob- 
jective of these books was to show the educational 
community that scientific information derived in 
the NASA Skylab space station program would be 
available for use in the schools of the nation. 

There are many ways in which information 
from space programs can be used in education. The 
most readily appreciated way is to use the results 
of an investigation to up-date science curricula. 

The same results, or the information used by 
the investigator in reaching the results, also can be 
applied to educational needs. Information obtained 


To Martin Marietta Aerospace, Denver, appreci- 
ation is expressed for the involvement of its Skylab 
Education Program team in this worthwhile educa- 
tion project, particularly for the services of Mr. 
Francis I. Tallentire, who provided initial inspira- 
tion and continued assistance, and his associate Mr, 
Gayle A, Parker. 


National Aeronautics and Space Administration 
Washington, D. C, 20546 

December 1976 


from programs dedicated to observation of Earth 
from high altitudes is i “ticularly applicable. 

The three crews who manned NASA’s Skylab 
spacecraft between May 1973 and February 1974 
obtained thousands of photographs of Earth. Simi- 
larly NASA’s two L.ANDSAT spacecraft have been 
photograr'’’ \ Earth since mid-1972. 

This dt‘< Jment, prepared as a part of the on- 
going educational activity of the National Aero- 
nautics and Space Administration, shows how 
these pictures of Earth can be combined with in- 
formation from several other sources to aid in 
teaching several school curriculum topics. It also 
provides an example of the value of using informa- 
tion from many sources in the process of evalu- 
ating events and making decisions. 
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I. Introduction 


The first ideas frn* this book developed at a 
meeting at the George C. Marshall Space Flight 
Center in Huntsville, Alabama. The National Aero- 
nautics and Space Administration (NASA) invited 
several members of the National Council for the 
Social Studies to a meeting where the objective was 
to discuss ways and means foi NASA to better 
serve tlie social studies branch of the teaching pro- 
fession. 

At this meeting, a NASA Earth resources scien- 
tist described a nationwide land use survey made 
by a large number of students in Great Britain us- 
ing data from on-site studies in the field. That sci- 
entist also showed the results of a survey of the 
state of Tennessee made by two people in only a 
few days using remote observations from Earth or- 
bital satellites. The thought that students could 
make similar surveys stimulated the writing of this 
publication. 

The concept of a student land use survey was 
discussed with the curriculum development team 
of the Jefferson County Public Schools in Colo- 
rado. In these discussions it soon became appai'cnt 
that the cun'iculum potentials included much more 
than a classroom activity involving mapping the 
features on the ground in the area of study. 


A new flood control dam to be located in the 
area of Denver, Colorado, became the central topic 
in a progiam involving a wide variety of eurriculum 
fields, such as mapmaking, local community his- 
tory, physical geography, mathematics, and envi- 
ronmental studies. Consequently, a prototype of a 
multidisciplinai-y unit concept was developed for 
later incorporation by the Jefferson County curric- 
ulum team. This study concept is the major part of 
this publication. By describing in detail, the cross- 
disciplinary activities that result from this specific 
study, similar activities may be stimulated in pro- 
giams of other schools. In fact, enough detail on 
every study aspect is included so that any study 
group can conduct this same land use investigation 
by only using the data contained herein. 

This publication is divided into three major sec- 
tions. Section III describes the multidisciplinary 
unit concept, and includes suggestions for other 
land use studies. Section IV gives advice on where 
to obtain data for surveys and how to use the data. 
The third major section is an appendix that dis- 
cusses the different factors that influence the use 
of land. This is included as a reminder of the fac- 
tors that .should be considered in making local land 
surveys. 
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II. Objectives 

The prime objective of this publication is to 
stimulate in the mind of the educational reader an 
awareness uf the role that can be played in educa- 
tional progi'ams by information generated in ad- 
vanced technology progi’ams, such as aircraft or 
spacecraft land surveys. 

Using data from such programs, educational 
materials can be prepared that are valuable ad- 
juncts to existing curriculum materials. The appli- 
cation of such data can enrich curricula by provid- 
ing more up-to-date information than published 
texts may achieve, and can foster studies of local 
features to a level of detail that standard texts can 
never achieve. 

A second objective is to show the reader how 
to get the information needed and suggest ways in 
which the information can be applied. 

While the main thrust of the document is di- 
rected to the educators, it has equal potential as a 
guide to members of noneducational professions. 
Local community planners may benefit from the 
knowledge of available information and its applica- 
tion potential. 
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III. Land Use Studies 

A. A Concept 

The administrators for the Jefferson County 
Public Schools near Denver, Colorado, are contem- 
plating a land use unit using information acquired 
from space programs as an addition to their curric- 
ula, The unit is designed, not only as an exercise in 
the use of data from many sources including ad- 
vanced technology programs in land use studies, 
but also as an introduction to the investigative 
processes that are necessary to reach sound conclu- 
sions. To be able to define the objectives of a 
study, to be able to identify what data are required 
and analyze the data, and to recognize and evaluate 
the interactions between elements of a study are all 
indispensable steps along the way to rational solu- 
tions of problems. 


A flood control project near Denver, Colorado, 
v r;i selected as the subject of this unit. 

Table 1 is a matrix that shows how vai'ious 
school disciplines can be applied in the study of 
three aspects of the dam. It sliows what curriculum 
elements apply to the evaluation of the need of 
sucli a flood control pTOject. It shows how other 
elements are applicable to a study of this location 
of the dam and to a study of tlie effects of the dam 
on the natural and man-made environments. 

This flood control project is now in work; con- 
struction work has started and property in the area 
is being relocated. Therefore, the students can 
actually verify some of their classroom conclusions 
by observations in the field. 


Table 1 The Need, The Location, The Effect 



IS THE DAM REALLY 
NEEDED? 

WHERE SHOULD IT 
BE LOCATED? 

WHAT IS THE EFFECT 
OFTHE DAM? 

SOCIAL STUDIES 




MAPPING SKILLS 

SOURCES OF FLOODING. 
DRAINAGE BASINS. 

FACTORS INFLUENCING 
LOCATION. 

CREATION OF A NEW LAKE. 
RELOCATION OF ROADS, ETC. 

PHYSICAL GEOGRAPHY 



SOURCES OF MATERIALS. 

CLIMATE 

WEATHER STATISTICS 

STATISTICS DETERMINE 
RESERVOIR CAPACITY 


PRE-HISTORY 


TRACEABILITY OF 
EARLY INHABITANTS. 

POSSIBLE OBLITERATION OF SITES. 

MAN&THE ENVIRON- 
MENT 

HISTORY OFTHE COM- 
MUNITY. 

IMPACT ON THE URBAN 
AREA. 

STATUS OF CURRENTECQ- 
SYSTEM. 

ADVANTAGE/DISAD- 
VANTAGES OF OTHER 
LOCATIONS. 

RELOCATION OF PEOPLE & PROPERTY. 
NEW RECREATION AREAS. 

URBAN IMPROVEMENT. 

IMPACT UPON ECOSYSTEM. 

EARTH SCIENCE 




GEOLOGICAL HISTORY 



GRAVEL INDUSTRY. 
EROSION IN CANYON. 
DEPOSITION AT MOUTH. 

PHYSICALSCIENCE 

DEFINITION OF THE FLOOD 
THREAT 

RIVER FLOW RATES. 
DAM STRUCTURES. 


MATHEMATICS 


ANALYSIS OF MAPS. 




VOLUME OF 
VALLEYS. 
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An outlim* of the multidiseipline study devel- 
oped by and for the Jefferson County Schools is 
presented in the following section. 

The outline is divided into four areas: A. the 
major goals of the unit; B. the ultimate outcomes 
of the unit; C. the topics to be taught; and D, 
evaluation, 


As a guide to teachers and curriculum devel- 
opers, the first part of section B has het*n devel- 
oped in some detail. Descriptions of the study ac- 
tivities are given. Copies of the data necessity for 
the study have been included, together with illus- 
trations of some of the techniques to be employed. 
Additional copies of the illustrations in this section 
have been provided in full page format as teiu* out 
pages at the back of the book so that they can be 
used as originals for classroom work sheets or for 
transparencies for overhead projectors. 
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1. CURRICULUM OUTLINE 


(TITLE) COMMUNITY PROBLEMS AND METHODS OF SOLVING THEM 

(UNIT PROBLEM) WHAT ARE THE PROBLEMS THAT ARISE FROM THE FLOODING OF URBAN 
AREAS? 

Unit Description: Students who take this unit will develop a recognition that the solution of com- 
munity problems requires information and skills from many different disciplines and fields of human 
activity. The protective measures being undertaken to prevent disasterous flooding of the Denver Meiiopoli- 
tan area will be used as an example of the ways that several disciplines must be applied to understand und 
solve a community problem. In the search for solutions to the various aspects of this problem, students will 
apply various fields of study: mathematics, physical science, Earth science, social studios, and others. 


A. Major Goals of the Unit: 

1. To establish student awareness of the potential flooding problems that may exist in many urban 
areas, and of the processes that must be applied to understand the uses and misuses of land. 

2. To develop student understanding that problems may have many aspects and that their solution 
requires the application of information and skills from many fields of human activity. 

3. To develop the students’ ability to recognize the environmental effects of natural and human 
activity. 

4. To develop student understanding of tne natural and man-made environments. 

5. To develop student awareness of the responsibilities implicit in man’s use of land to fulfill his needs 
or desires. 


B. Ultimate Outcomes of the Unit: 

1. Knowledge or information to be learned. To complete the study the students should be able to: 

a. Identify the main features on aerial photographs and different types of maps. 

b. Determine the sizes of the drainage basins of river systems that flow into the metropolitan area. 

c. Determine the volume of water that can flow into the metropolitan area under flood conditions. 

d. Define the threat to the community posed by flooding. 

e. Define the factors that influence the location of flood control dams. 

f. Undei’stand the different types of dams and how they support loads. 

g. Understand the immediate and long-range effects of the construction ot a dam on the natural 
and man-made environments. 

2. Attitudes to be developed. At the conclusion of this unit the students should be able to: 

a. Demonstrate an awareness of the value of different sources of information in the solution of 
problems. 
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b. flcMnonstratt* im ability to objc>otivi‘ly ovalualo large-scale* environment-affecting events in a 
manner that sliows awareness and understanding of the many aspects of tlie situation, 

c. Demonstrate the* ability to evaluate the factors that influence lire use of land. 

d. Understand the ways that different value orientations influence the use of land. 

3. Skills to be used studying the unit. At the conclusion of this unit the students should be able to: 

a. Demonstrate interpretation of maps and photographs. 

b. Demonstrate the ability to analyze maps and photographs to determine the size, areas, and 
volumes of features. 

c. Identify the types of information required to conduct land use surveys. 

d. Demonstrate awareness of the ciiaracteristics of the local ecosystem, 

C, Topics To Be Taught: 

1. The different types of maps, and how can they be used. 

2. The human, geological, and climatic history of the community, 

3. Ihe prevailing climate in the region, 

4. The environment of the area under study, and the conditions of the natural and man-made environ- 
ments. 

ii. The effects of building or not building the dam on the natural and man-made environments, 

6. Calculating the volume of the valleys in which dams might be built. 

7. The main types of dam used throughout the world. 


D. Evaluation: 

1. Examination of map reading and photogi-aph interpretation, e.g., determine seale, size, areas, and 
elevations of valleys, streams, cities, etc. 

2. Examination of understanding of the relevance of physical science and mathematics to community 
problems. 

3. Essay examination on how to make a particular type of land use study. Given a problem and 
information from various sources, the student should be able to use the necessary analytical skills to 
derive an objective solution. 

4. Essay examination on the many features and inU'ractions that make up what is called "the environ- 
ment.” 

5. Examination of the students’ understanding of the application of different skills and information in 
the general problem solving process. 
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2. EXAMPLES OF STUDY ACTIVE! lES 

Till* 1‘ullciwinf' iirt' t'xnmplt's of spci’ifiV ai’tiv- 
itii’s lisU'd in Si'c’tion B.l of iht* pn coding ourriou- 
lum oullino. Thost> aclivitios an* doHignod to make 
the* sludont familial' witii some of the studios and 
dooisions that must bo mado hoforo any flood con- 
trol project can begin. Those activities are based on 
the development of thi^ Bear Crook dam to bo built 
southwest of Denver, Colorado, All of the specific 
activities are in such detail that gi’oups of students 
in other areas can use the data to perform a class- 
room exercise witliout any additional information. 
If a group desires to perform a similar study rela- 
tive to local conditions, they need only to obtain 
the appropriate maps and phot<jgi'aiihs of the local 
area. 

In some* cases the information provided relates 
specifically to the dam under construction in Colo- 
rado, In cither cases discussion themes are give,i 
tnat could lie applied to any area, 

a. Identify the main features on aerial photo- 
graphs and different types of map<., The materials 
required are: U,S. Geoic'gica- , (USGS) maps 
of the area of interest' * r uu photographs of the 
same area; and, poss t,ly. t.thcr maps such as oil 
company majis that will Jiow a larger area in a 
more convenient form than the requisite number 
of USGS majis (you may need more than one 
USGS map). 

The Department of the Interior provides aerial 
photogi'aplis at several scales at reasonable cost. It 
will be best to buy the USGS map and then ask for 
photographs at the same scale. Depending on the 
region of the country to he studied, there might be 
significant differences in tire dates when the map 
was drawn and the photographs were taken. De- 
tailed comparison of both will reveal the changes 
that had taken place in tlie time oetween the two 
presentations. 

Figures 1 and 2 are, respectively, an aerial 
photogi'aph and a portion of a USGS map of the 
location of the flood control dam project at the 
same scale. 

Detailed examination of both images will revt il 
many similarities and differences. As would be ex- 
pected, the photogi'aph shows much more detail. 
Trees, the shapes of houses, driveways, and the 
shapes of fields and their cultivation patterns are 
all visible in the photograph and could not be ex- 


pected to be included in the map. For examjile, 
cultivation patterns might vary from year to year 
and would therefore be quite inappropriate for in- 
clusion on a map. 

Other differences can be r<i:ugni/(>d, Sor.e 
roads and .streets do not appear on thi* maji be- 
cause the ma* was prepared in 19G5 and the 
photo, Taph was taken in August 1971, 

To aid in the comparison of tlie two figures, a 
tiiinsparaney can be made of the maj) (Fig. 2) to 
use as an overlay on the photograi>h. The tyjie of 
transpai'eney used on an overhead projector will be 
ideal. 

b. Determine the sizes of the drainage basins of 
river .systems that flow into the metropolitan area. 
The materials required in this activity are: USGS 
maps of the areas that drain into the metropolitan 
photogi'aplis sucli as those available from Skylab or 
LANDSAT, and relief maiis of tlie area, if avail- 
able, This material can be obtained as explained in 
item a, above and in Section 4, A “Where to Obtain 
Remotely Sensed Data.” 

The extent of a river drainage basin is defined 
by the ridges that divide the flow of water to tlie 
river under study rii' to the neiglihoring river. The 
technique used to identify this boundary on a map 
is to follow each river upstream from a starting 
point, such as tlie point where the river enters the 
metropolitan area. 

Each ti'ihutary should be followed to its 
source. After a few tributaries have been traci’d, it 
will be easy to recognize the general pattern of 
tributaries instead of having to tr n » eacli stream. 

A relief map of the area is easier to interpret in 
this activity. The shading used to represent valleys 
and mountains shows the ridges very clearly. 

If a relief map is not available, the flow direc- 
tion in a drainage system and tlr* divides between 
drainage systems can be determined by enn;fully 
analyzing the direction of the contour line.s along 
the course of a river. 

Figure 3 is a simplified example of the shape of 
contour lines in a valley and along a ridge. A valley 
can be recognized by the way the contour lines 
make a V pointing toward tlie higher altitudes. The 
contour lines defining a ridge make V’s pointing 
the other way. 
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Figure 3 Schematic of Drainage Systems 


Real maps are not quite as simple as this. The 
contour lines wander about much more than the 
example shows and require much more careful 
tracing. 

Having plotted the boundaries of the drainage 
areas, it is easy to find the area. The area of the 
shapes on the map can be measured by overlaying a 
grid and counting the squares. 


The area in square kilometers is given by the 
expression ; 

Map Area (square centimeters) x Map Scale^ 
100,000* (number of centimeters in kilometer)* 

7igure 4 is a USGS relief map of part of Colo- 
rado. It shows the river systems that drain into the 
Denver metropolitan area. Tlie river valleys and the 
ridges between are very easily recognized. 
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The scale of Figures 4 and 6 is 1:779,500, i.e., 
1 centimeter represents 7.795 Idlometers. Using 
the above equation the areas can be calculated. The 
values listed in the following table also can be used 
to check the students’ answers. 


DRAINAGE 
AREA AT 
DAM SITE 

MAP 
AREA, 
sq cm 

FULL SIZE AREA 

sq km 

sq miles 

CHERRY CREEK: 

■I 

918 

354 

PLUM CREEK; 

bb 

811 

313 

SOUTH PLATTE: 

BB 

6707 

2590 

BEAR CREEK/ 
TURKEY CREEK: 

10.23 

622 

240 


c. Determine the volume of water that can flow 
into the Metropolitan Denver area under flood con- 
ditions. The estimation of water flow at a point in 
a river system is complicated. It involves several 
variables. First, rainfall amounts must be deter- 
mined for the area being studied to estimate the 
volume of water collected. 


Rainfall data can bo obtained from the Na- 
tional Weather Service. The nearest office of this 
service sir :,i]d be listed in the white pages of tlie 
telephone directory under the heading “United 
States Government— Commerce, Department of.” 

The National Weather Service publishes average 
rainfall data for all official vveatlier stations. The 
service also computes statistical values of maxi- 
mum rainfall for the purposes of evaluating flood 
hazards. 

The Corps of Engineers of the U.S. Army also 
has developed a statistical method of estimating 
storm rainfalls and floods. Their method u.ses a 
plot of storm rainfall intensities across the country. 
Figure 7 is a copy of a plot of equal rainfall lines 
(isohyets) for the United States east of the C '.iti- 
nental Divide. The rainfall values represent the 
maximum average depth of rain falling in 24 hours 
over a 200-square-raile area. This is called the “in- 
dex rainfall.” Another gi-aph is used to factor the 
24-hour index rainfall to make allowance for dif- 
ferent durations of rainfall and different sizes of 
storm areas. Figure 8 is a copy of this graph. 
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Tliese two figures can be used in the following 
way to find the rainfall over the drainage basin 
ai'eas derived in the preceding activity. From Fig- 
ure 7 an index rainfall value of 8 inches can be 
derived for the Denver area. Then, entering Figure 
8 at an area representing the Plum Creek drainage 
basin— approximately 300 square miles— and a 
storm diu*ation of 48 hours, a ratio of about 110% 
can be obtained. This gives a theoretical rainfall 
depth value of 8.8 inches. Using this figure and the 
area of 313 square miles, the volume of water col- 
lected can be calculated: 


X 313 square miles x 

12 inches in a foot 
5280^ (feet in a mile)* = 

6.399 X 10’’ (6.399 billion) cubic feet. 


Another variable to be considered is the rate of 
runoff— that is, tire rate at which the rain water- 
drains into the rivers. This is influenced by many 
factors. The wetness of the gi-ound determines how 
much water is soaked up by the soil and how much 
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can run off. The slope of the terrain— hillsides, val- 
leys, etc.— governs tile velocity with which the 
water runs off. 

Also the shape of the terrain in the flood plain 
greatly influences the nature of the flood, If the 
river runs through a narrow, steep-sided valley, the 
water will retain its high velocity and will sv;eep 
away structures in its path. If the terrain is flat, the 
water will spread over a wide area, and the velocity 
will be very low. Mud and silt will be depo.sited, 
and the damage suffered by the community in the 
flood plain will be the result of soaking. 

Because of the many variables, estimation of 
flow rates is beyond the scope of the student. 
However, the students will have developed some 


awareness of the amount of water involved in a 
major storm. 

To give the student an indication of tlie way a 
heavy storm becomes a serious flood, an example 
of one flood is included, A serious storm in Junr 
1965 caused considerable damage to the City of 
Denver and to the South Platte Valley all the way 
downstream to the Missouri River, Figure 9 is a 
plot of rainfall depths recorded in tlie head waters 
of the valley in the two days of the storm. Meas- 
ured discharge rates in some of the rivers have been 
included on the plot to show how runoff can be 
related to rainfall. A flow rale of 154,000 cubic 
feet per seeond was recorded on Plum Crec'k. For 
comparison, the highest flow rate recorded the pre- 
vious year was 290 cubic feet per seeond. The high- 



Figure 9 Rainfall Dapths and Rivar Flow Rotes, Juna 1966 Flood 
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t'st moasui’c'd flow rate for liu? whoU' area was on 
Bijou Creek (466,000 cubic feet per second). For- 
tunately this flow missed the City of Denver. The 
interesting aspect of tliis information is that Bijou 
Creek is normally bone dry. 

d. Define the threat to the comnuinity po.sod by 
flooding. A flood in a river basin can pose a tlireat 
to a community if there is a possibility of struc- 
tural damage, economic loss, or ’oss of life among 
the residents of the flood plain. 

The best way to illustrate this concept is to 
study a specific case— the flood that occurred in 
June 1965 in the valley of the South Platte in 
Colorado and Nebraska. The study begins by 
briefly describing the flood plain area in terms of 
potential damage. Then, a description of the 
weather conditions that precipitated the flood fol- 
lows. Lastly is a description of the types of damage 
that occurred, with a summaiy of the economic 
cost of the flood to the communities in the flood 
plain. 

1. Descriplkm of the flood plain area. The thirty 
communities that experienced flooding in June 
1965 had a total population in 1960 of about 
1,000,000. These communities ranged in size from 
metropolitan Denver (population 929,383) to 
three towns of less than 100 persons each. Outside 
of metropolitan Denver, the largest communities 
that experienced flooding were Greeley, Colorado 
(population 26,314), and Sterling, Colorado (popu- 
lation 10,751). 

Metropolitan Denver ranks as the twenty-fifth 
lai'gest metropolitan area in the United States. It 
serves as the mai'koting and distribution center of 
the Rocky Mountain area, and the commercial, fi- 
nancial, manufacturing, professional, and cvdtural 
hub of this vast region. Its leading industries by 
order of rank are manufacturing, retail trade, 
wholesale trade, tourism, public utilities, service in- 
dustries, construction, finance, and mining. In 
1960, there were 353,823 persons employed in the 
Denver metropolitan area, 

The South Platte River basin contains approxi- 
mately 15.5 million acres of land and water— 12.7 
million acres are in farms and ranches of which 
980,000 acres are irrigated and 11,720,000 acres 
are nonirrigated. Livestock and livestock products 
make up 48 percent of the value of all farm prod- 
ucts produced in the basin. Field crops produce 39 


l)ercent of the value of farm production, and the 
remaining 13 percent result from dairy operations, 
poultry, and fruit and truck crops. The major field 
crops produced are winter wheat, alfalfa, corn, 
barley, sugar beets, field beans, hay forage sor- 
ghum, gi-ain sorghum, oats, i)otaloes, rye, and 
spring wheat. Irrigation provides the stable base for 
the rural economy of the basin. 

Three interstate highways, seven U.H. high- 
ways, and 36 state higinvays traverse the South 
Platte River basin. Traffic densities on the inter- 
state* routes range from 12,000 to 50,600 vehicles 
daily. 

The basin is served l)y six railroads. The Union 
Pacific; the Chicago, Burlington and Quincy; and 
the Chicago, Rock Island and Pacific Railroads 
traverse the basin along east-west routes. The 
Atchison, Topeka and Santa Fe; the Denver, Rio 
Grande and Western; and the Colorado and South- 
ern Railroads cross the basin along north-soulli 
routes. All of the railroad route.s converge on 
Denver, Colorado. 

Colorado’s high mountains and ineomparai)!e 
scenic beauties, vast forests, numerous fishing and 
boating waters, and winter sport areas make the 
state a year-around vacation land for millions of 
visitors annually. In 1964 more than 6 million visi- 
tors spent an estimated $505 million in the State 
of Colorado. The number of visitors of all vacation 
categories increased about 30 percent from 1960 
to 1964 and their spending increased about 29 per- 
cent. 

2. The weather condilioiw. During tlie afternoon 
of June 16, unprecedented amounts of rain (esti- 
mated up to 14 inches in a few hours at Larkspm*: 
Colorado, and 10 inches near Castle Rock, Colo- 
rado) fell on tlie drainage areas of East and West 
Plum Creeks in the foothills of the Palmer Lake 
area. The average 6-hour rainfall over 1,000 square 
miles was 4.8 inches. Again, on the 17th of June, 
heavy rains occurred across eastern Colorado. A 
series of 12- to 14-inch cf’nters were re]>orted in 
the Falcon, Peyton, and Fords, Colorado area 
northeast of Colorado Springs. Average 6-hour 
rainfall values of 18 inches or more during this 
period were reported near Two Buttes and Holly, 
Colorado (see Fig. 9). 

Unsettled weather continued until July 26, 
1965, with repeated rainfall and runoff in areas of 
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earlier Hooding. During the period July 23 to 26, 
the storm pattern also extended over the foothills 
areas of the Bear Creek and Clear Creek water- 
sheds. 

3. The flood damage. Tiie streams of the South 
Platte River basin on which flooding occurred dur- 
ing June and July 1965 are shown on Figure 10. 
Flooding began on the northern tributaries on June 
14, As the storm moved southward, major flooding 
occurred on Plum Creek, Cherry Creek, Sand 
Creek, and Toll Gale Creek on the South Platte 
River and its downstream tributaries— the Cache La 
Poudre River, the Big Thompson River, and on the 
right bank tributai-y streams (Box Elder, Kiowa, 
Bijou, Badger, and Beaver Creeks). The Plum Creek 
and Bijou Creek basins received the more intense 


rainfall and experienced the higher peak discharges. 
During July, Plum Creek, Cherry Creek, Sand 
Creek, and the Bijou Creek basins experienced re- 
peated flood runoff that hampered recovery opera- 
tions and caused additional damage, particularly to 
temporary stream crossings constructed to accom- 
modate traffic after the bridge destruction in June. 
Moreover, Bear’ Creek and Clear Creek, in the met- 
ropolitan area of Denver, experienced flooding dur- 
ing the July storms. These two streams had been 
outside the area of major storm runoff in June. 


In terms of total damages, the damages in- 
flicted by the flood runoff of the northern tribu- 
taries of the South Platte River were limited to 
road closings and moderate damages to farmlands, 



Figure 10 Rivers Draining Into South Piatte 
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roads, bridge's, and urban property, Tlio flood dam- 
ages experienced on the streams that received the 
full brunt of the storm runoff defy adequate de- 
scription without an intimate knowledge of pre- 
flood conditions and the benefit of personal in- 
spection. In the Plum Crock basin, interstate high- 
way bridges and sections of highway, which by rea- 
sonable standards were adequate to pass major 
flood flows, were demolished by the extremely 
high discharges and stages. Heavy road construc- 
tion equipment such as road graders, huge dump 
trucks, and cranes which Iiad been parked in the 
Plum Creek flood plain were almost completely 
buried under masses of sediment. Farther down- 
stream, farm buildings located as much as a quarter 
of a mile away from the stream bank were carried 
away. New stream channels appeared where the 
buildings formerly stood. As the flood proceeded 
downstream, heavy debris, consisting of huge up- 
rooted trees, parts of structures, cars, trucks, fuel 
tanks, and trailers, was canded on the crest of the 
flood wave and slammed into other structures. 
When the Plum Creek flood entered the South 
Platte River, it spread out into the wider South 
Platte valley. While this valley storage served to 
reduce the flood crest, the damages inflicted on 
metTopolitan Denver suggested initially tliat no ap- 
preciable reduction in the flood crest had occurred. 
Houses, bridges, trucks, trailers and cars, as well as 
lai’ge quantities of material from commercial and 
industrial inventories, were added to the destruc- 
tive force of the flood crest. After the flood wave 
passed downstream, the aftermath of debris, silt, 
and mud presented a scene of desolation that could 
only partially suggest the heartbreak and despair of 
the flood victims. In many instances, the losses suf- 
fered by property owners represented the accumu- 
lated capital assets of a lifetime of bard work that 
were destroyed in a brief period of less than an 
hour. 

Figure 11 is a map of a portion of tlie city of 
Denver. On it is indicated the extent to wliich the 
South Platte spread, A simple count of the number 
of buildings that are enclosed by the flooded area 
will give a strong impression of the extent of dam- 
age caused by the flood. 

Figures 12 and 13 are pliotogi'apbs taken after 
the flood had subsided. These illustrate clearly 
what sort of damage can occur. The areas covered 
by these two photogi'aphs are indicated on Figure 
11 . 


After the Plum Crcf it flood passed through 
Denver, it was joined by the flood discharge from 
Sand Creek which, together with its tributary Toll 
Gate Creek, had just passed through another sector 
of motropoUlan Denver destroying bridges and pri- 
vate property. The combined flows then passed on 
downstream In the South Platte valley destroying 
or damaging roads, bridges, iiTigation structures, 
and agricultural jDrojierly in the iiTigated areas of 
the valley. The flood flows from the upper South 
Platte basin were joined successively by the floods 
coming out of the Cache La Poudre River, Box 
Elder Creek, Crow Creek, and Kiowa Creek. The 
flood crest gradually diminished as it passed down- 
stream in the South Platte River valley until it was 
joined by the flood discharge from Bijou Crock, 
which was later computed to have been 466,000 
cubic feet per second. This flood volume then in- 
creased the area of inundation and destruction for 
an additional 190 miles along the South Platte 
River and approximately 35 miles along the Platte 
River valley downstream from North Platte, 
Nebraska, The volume of flood flow contributed 
by the upper South Platte River and Bijou Creek 
was joined by the flood discharges of Badger and 
Beaver Creeks as the floods proceeded downstream 
towiud the Platte River. 

Throughout the South Platte basin, 108 
bridges, including federal, state and county high- 
way bridges, as well as city bridges, were destroyed 
or severely damaged. Nearly every highway and 
railroad bridge crossing the South Platte River and 
Plum, Sand, and Toll Gate Creeks was damaged or 
destroyed. Several state bridges and most of the 
county bridges across Kiowa Crook, Commanche 
Creek, and Cherry Creek also were damaged or de- 
stroyed, Although many bridge approaches were 
washed out on Beaver Creek, Lone Tree Creek, 
Lodgepole Creek, Pavvmee Creek, Crow Creek, and 
the Cache La Poudre River, only a few bridges 
were totally destroyed in these drainage basins. 
Railroad damage throughout the entire area was 
severe, with numerous bridges damaged or de- 
stroyed and trackage and ballast washed away. It is 
estimated tiiat from 700 to 900 miles of highways, 
roads, and railroads sustained vai*ying degrees of 
damage. 

Tlie floods in tlie South Platte River basin Look 
13 lives. Four lives were lost on Plum Creek, three 
on the Cache La Poudre River, two on Bijou Creek, 
two on Beaver Creek, and one oacli on the Big 
Thompson River and Cherry Creek, 
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doaii-up of floodod areas, the use of C-119 FlyiiiR 
Boxcars to ferry c'mergcaicy supplies to the stricken 
area, and Red Cross relief expenditures of almost 
$900,000 for immediate relief of over 1400 familes 
or individuals in Denver alone can only hint at the 
total amount of related flood costs. In an effort to 
prevent outbreaks of encephalitis, $300,000 was 
spent to spray more than 194,000 acres of flooded 
land: nevertlieless, numerous cases were reported. 
Many communities liad to rely on bottled water 
supplies, and the loss of utilities resulted in wide- 
spread and prolonged disruption of normal activi- 
ties. The destruction or damage to major traffic 
arteries in metropolitan Denver and throughout the 
basin caused severe disruptions of normal traffic 
movement and commerce. Moreover, the disruptive 
effects of the initial damage and destruction of 
bridges, highways, and streets were compounded 
by repeated flooding in July and by damage to the 
temporary crossings constructed after the June 
floods. 

The flood in the South Platte Valley in June 
1965 was a disaster to the metropolitan Denver 
area and to the smaller communities on down- 
stream. It was a rare occurrence in the history of 
the city. The last flood of comparable magnitude 
was in 1864. Because of the dams that have been 
constructed, or are being constructed, it is unlikely 
to occur again. 

By contrast, consider tlie situation in the 
Mississippi Valley. Each year wide areas of the val- 
ley are flooded. The economic cost of any of these 
floods is measured in millions of dollar's compared 
with the mere thousands of dollars in the South 
Platte floods. Ironically, the Mississiopi floods are 
caused by weather conditions that prevail a thou- 
sand miles upstream from the scene of the flood. 

Other floods can be caused by the backing up 
of water in bays, rivers, and estuaries caused by 
storm conditions over the oceans. For example, the 
floods in Bangladesh in November 1970 were the 
result of a cyclone in tlic Bay of Bengal. A 2330 
squai'e-mile area was flooded and about 30,000 
persons were killed. 

e. Define the factors that inlluence the location of 
flood control dams. The factors that the dam 
builder must consider in choosing the site for a 
dam are best illustrated by discussing a particular 
example—the Bear Creek dam in Colorado about 
10 miles southwest of Denver. 


The materials needed for the study are pri- 
mai'ily U.S. Geological Survey maps of llie area. 
Figure 2 is a copy of the map of the area where* tlie 
Bear Creek Dam is planned to be built. The loca- 
tion of the dam is indicated by the heavy line A-A. 

The lake to be retained behind the dam can 
vai'y in size and depth depending on the amount 
and flow rate of water coming down the valleys 
feeding it. The Corp.c of Engineers, who are the 
designers of tire dam, have identified three water 
levels that are important in the design of tlie flood 
control facility. 

These are tlie multipurpose pool, the flood 
control pool, and the maximum pool. 

The multipurpose pool is the area of water per- 
manently contained behind the dam. It is jilaiined 
for use as a recreational ai-ea, and the altitude of 
the water surface will be 5558 feet. 

The flood control pool, as its name implies, is 
considered to be the size of lake tliat will form 
when a major storm causes serious flooding condi- 
tions. The water surface can reach as high as 

5635.5 feet. 

The ma.xlmum pool is an extreme design case 
and rejiresents the amount of load that the dam is 
required to support. The water level of this lake is 

5684.5 feet. 

Using the elevations of the tliree 'ake surfaces 
the students can find the size of each lake by fol- 
lowing contour lines on Figure 2. 

Having plotted the tiiree lakes, the students 
could study the location of the dam and determine 
for themselves if other positions in the area would 
be more or less practical. For example, an alterna- 
tive location has been indicated by dashed line B-B. 
The line crosses tlie road a quarter mile down from 
the dam site, and it has been rc fated to ensure that 
the south end contacts Mount Cai'bon. 

Cross sections of the valley can be plotted by 
measuring the widtiis across the valley at each con- 
tour line. Comparison of the cross sections at A-A 
and B-B will ^how that a dam at B-B would have to 
be about one-third bigger than at A-A and that its 
top could be no higher than Mount Carbon is at 
that point, i.e., 5680 feet. Figure 14 is an example 
of such a plot. The shaded area shows the differ- 
ence in size. 
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Figure 14 Comparison of Dam Sizes for T> ^ 
Locations in Hear Creek Valley 


Another location could b-? a quarter mile up- 
stream. The embankment would then be smaller 
than at position A-A, but the high water mark 
would extend right up to the edge of the city of 
Morrison. 

Figure 15 shows another location; that is to 
locate the dam in the narrow canyon above Morri- 
son, The valley is much narrower than below the 
city so the dam would be shorter. But for that 


reason the dam must be much higher to regain the 
same volume of water. Just how much higher the 
dam must be can be determined by calculating the 
volume of the valley. 

Tile calculation can be made by plotting cross 
section.s of the valley at various locations, such as 
at ’ 'inis 1, 2, 3, 4, and 6 on Figure 16. The lines 
on the map at these locations extend across the 
canyon from the 6400 foot elevation on one side 
to the 6400 foot elevation on the other. 

It will help to select a vertical scale that e.xager- 
ates tlie depth somewliat. Figure 16 is an enlarge- 
ment of a plot of the cross section at Point 1. It 
was plotted on Vi inch grid gi'aph paper. The verti- 
cal scale was selected at Va inch equals 200 feet or 
60,96 meters. The horizontal scale was the same as 
the map, i.e., 1.24000. Therefore a horizontal 
quarter inch represents 
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(’oiiiiiHiui'ntly, a (iiiarli'i' iiu'li square «m Uu* 
eruss seelion plot represt'iils a reelaiifilu 152.1 
meters wide by 60.00 meter.s hitjli, 0290.3 square 
meters in area. 


Thus, a dam in Bear (’reek Canyon upstri’am of 
Morrison about 500 fet't Ini'll would only hold 
about two-thirds liie water held by Bear t!reek 
Lake. Inereasinu tbe ludi’lit of tins dam would 
cause the lake to e,xtend into the town of Idledale. 
So i‘ is evident that the planned location of Bear 
(’reek Uam is the best place it could be. 


To find the area of the valley cross section it is 
now only necessary to count liow many (juarter 
i[icb squares are covered. Irrettular shapes are 
“squared off” by countint' smaller squares until a 
total HI 25 small squares is reached, Tbe area shown 
in Fiiture 16 is about 5,2 “quarter inch squares” or: 

5.2 X 0290.3 = 18,309 square meters. 



Figure 16 Cross Section at Location 1 in 
Figure 15 


Tbe volume of tbe valley is obtained by findinii 
the averaffe area at Points 1 tliroui'h 6. The area at 
6 is zero liecausi* tbe 6100 foot contour line 
crosses the river at this point. 


f. Understand the different types of dams and 
how they support loads. Dams ar(> classifii-d by the 
way.s they are constructed - timber, rock-fill, earth, 
and masonry. 

Timber dams are rare. They are found where 
timber is plentiful, where other construction mate- 
rials are expensive, where performance is not criti- 
cal, and where the life requirement of Hie dam is 
short. 

A rock-filled dam is constructed of lotise rock 
with either a watt'rtifiht upstream fac’e or a water- 
tight etjre. This dam is economical if the construc- 
tion material is available in the immediate locality. 
Because of the loosene.ss of the structure, it is ef- 
fective in earthquake zones. T!u* dam can be sub- 
jected to tretiK)rs of considerable magnitude and 
still retain its ca[)ability to bold hack the water, 
while a bonded structure, such as concrete, would 
fracture and disintegi-ate. The largest rcx'k-filled 
dam is the Mica Dam (m the Columbia River in 
Canada. It contains 42 million cubic yards of fill. 


. . Area I + Area, + .. Area,, 

Average Area = g 


The volume is found by multiplying the dis- 
tance long the line .-\-A (Figure 15) by the map 
and by the average area; 


Volume {culhc meters) 

^ Dislam,. A-A ^ 34,000 x .\vB Ar™, 

For the valley shown in Figure 15 the calcu- 
lated volume is apiiroximatcty 55 million cubic 
meters. 

C’aiculation (^f the volume <if the Bear Creek 
Lake can be done in e.xactly the same way. A.ssum- 
ing an elevation of 5680 for the maximum water 
level, a volume of approximately 86 million cubic 
meters was derived. 


An earth dam is probably tlu" most common 
lyj)e of dam because it is ccmstructed of readily 
available, well-compacted earth. It can be used for 
both small and large applications, Several methods 
are used to make tiie dam less likely to bi' pene- 
trated by water. It can have a watertight concrete 
core, it can be lined on the upstream side with 
concrete, or it can have a water-resistant core that 
is obtained by water-washing the fine sediment in 
the Earth to the middle of the dam cross-section 
during constriu’tion. This fine sedimentation is 
compacted to form a core that is almost imper- 
vious to water. 

Fort Pei’k earth dam in .Montana on the 
Missouri River is the largest dam in the world. It 
contains over 125 million cubic yards of earth. The 
Tai-bela Dam under construction in Pakistan will 
contain 186 million cubic yards of (“arth and rock 
fill wlien it is complete. 


24 





Figure 17 Section of Earth Dam 


Masonry dams arc* classified as either gravity or 
arch dams. Because those are made of concrete, a 
dam of tliis type, with much less fill, can control a 
reservoir of much greater capacity than if con- 
structed with other materials. Water is supplied to 
hydroelectric plants from masonry dams because 
the power plant requirements can easily be inte- 
gi'ated into the design of the dam structure, and a 
clean flow of water can be assured to the turbines. 


The gravity dam is massive, and the design de- 
pends on the weight of the structure for its 
strength. This dam is vc»ry stable because the resul- 
tant force, from the combination of water load and 
the weight of the structure, is generally in the mid- 
dle one-third of the base to insure that the total 
structure is in compression as shown in Figure 18. 



1/3 1/3 

Figure 1 8 Cross Section of Graoity Type 
Masonry Dam 


An example of a gi’avity dam is the Grand 
Coulee Dam on the Columbia River in Washington 
(shown in the appendix). It has a volume of 10.6 
million cubic yards (8.4% of the Fort Peck earth 
dam) and holds 9.7 million acre-feet of water (50% 
of Fort Pec'h dam). 


An arcli type dam obtains its stability by a 
combination of arch and gravity action. Tlie sides 
of the arch are firmly ancliored in the canyon 
walls, and the force of gravity acts downward to 
add stability to the structure, Good foundations 
are es.sential for a gravity dam, but the most impor- 
tant feature of the ai'ch dam is to have firm, reli- 
able supports at tlie abutments (canyon walls). 
Many times, the gravity type is built wlien an arch 
type would be more economical because the mas- 
sive size of the gi’avity dam psycologically is more 
impi’essive to the layman. 

Hoover Dam on tlie Colorado River in Nevada 
is an example of an arch-type masonry dam. The 
volume of the structure is 4.4 million cubic yards 
(3,5% of the Fort Peck ea.'th dam) and it holds 
29.7 million acre-feet (150%. of Fort Peck dam) of 
water. 


ABUTMENT 


There is an interesting list of the major dams all 
over the world in the World Almanac and Book of 
Facts. The list gives the height, width (crest 
length), volume of materials in the dam, amount of 
water contained, and the type of construction for 
over a hundred dams all over the world. 

g. Understand the immediate and long-range ef- 
fects of the construction of a dam on the natural 
and man-made environments. Evaluation of the ef- 
fects of any construction activity on an environ- 
ment must start with a definition of what the envi- 
ronment is. In fact, two types of environment must 
be considered— natiu’al and man-made. 

In the case of the natural environment, the 
student should identify what wild animals and 
plants live in the region being studied. An approach 
would be to have the students develop a series of 
questions such as the following, and then to find 
the answers from field trips. 

Do big game animals such as elk, deer, or bear 
range through the area? Are there predators like 
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mountain lion, bobcat, or coyote in the region? Do 
small animals such as rabbit or badger live there? 
Does the river that is being dammed support fam- 
ilies of beaver or otter; or do larger amphibians 
such as alligator live there? 

Are the wild animals in the area protected or is 
controlled hunting permitted? 

What natiural vegetation grows in the area? Is it 
a dry land area with sparse vegetation or is it wet 
with lush vegetation? If the area is in the natural 
state, what is the predominant plant and how does 
it interact witli others? 

Another aspect of the natural environment to 
be studied is its sensitivity to damage. Is there a 
high risk of forest or brush fires, and is there a 
danger of permanent damage to the environment? 
Or is there the possibility that the vegetation will 
grow back again and heal the scars? 

Is the terrain the sort that is very sensitive to 
erosion or to wear by traffic? Is the vegetation 
irreparably damaged by the passage of half a dozen 
hikers, or a trail bike? 

The term man-made environment refers to the 
things we humans do to the country in order to 
live, work, and seek relaxation. Depending on the 
viewpoint of an observer, the changes we make are 
necessary, justifiable, or a mess. 

We must build houses to live in; factories or 
offices in which to work; stores where conimodites 
are sold; roads, railroads, and airports for transpor- 
tation; mines for the extraction of raw materials; 
and dams for water control. The ways in which we 
use land are almost limitless and are discussed in 
more detail in the appendix. 

Rather than present detailed descriptions of 
the environment in the vicinity of the Bear Creek 
Dam under construction in Colorado, this subject 
would be better appreciated if the students made 
their evaluations of their local environments. No 
verbal description of a natural scene can liave the 
impact that personal experience of an envii'onment 
can have. 

The students should be taken into the field and 
shown how to find for themselves which plants are 
natural residents of the area, and which are im- 
ported by natural means or by deliberate human 


action. They should have the opportunity to see, 
hear, smell, and feel the environment, and to ex- 
perience for themselves the subtle roles played by 
insects, animals, birds, plants, and the weather. Not 
only will this activity provide a basis for evaluating 
the effects of flooding, but it ■will also introduce an 
awai'eness of the wide variety of factors that inter- 
act to preserve the delicate balance of the natural 
system, 

The effects on the environments result from 
the activities necessary in the construction of the 
dam, as well as from the presence of tlio completed 
dam. 

The construction activities include excavation 
of the materials for the embankment, transporting 
them to the site, and dumping and forming them at 
the site until a lai’ge area of ground is buried under 
millions of cubic yards of earth or masonary. Other 
activities that go on at the same time include re- 
moval of structures, such as houses, barns, and 
sometimes factories, from the area where the water 
will collect. Highways, railroads, and power or tele- 
phone lines may have to be rerouted. 

The continuing and noisy construction or de- 
struction activity may drive away many of the 
natural residents and destroy the habitats of many 
of them. Ironically some wild creatures may not be 
driven away. Instead they might thrive on tlie new 
en'vironment that prevails during construction. 

After the dam is complete a new “natural” en- 
vironment is created. A lake is formed that can 
become the liome where the old residents might 
return or where new residents, animals or plants, 
might be attracted. 

Depending on the regional planning policies, 
the dam and its lake may become a beautiful park 
with facilities for human residents to enjoy recrea- 
tional activities. 

Downstream of the dam, the environment can 
change. The zoning laws for lu'ban development 
can be revised to permit construction of buildings 
in the flood plain so that more efficient use can be 
made of the land in the city. As a specific case, the 
city of Denver planning authorities are now con- 
templating the creation of river valley parks in 
areas where their periodic destruction by flooding 
would be inevitable were it not for tlie protection 
that is now assured by the flood control dams. 
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Anotlii'i' aspoft relaU'cl lo Ihc’ ofloL't of tiu' dam 
is illustrated by an aelivity that has begun sinee 
eonsti’uction of the Bear Creek Dam started. Inten- 
sive excavation of gravel from the valley bottom 
upstream of the dam site is now in operation. Two 
discussion topics arise out of this piece of informa- 
tion. One is: “what is tlie ultimate environmental 
effect of this excavation?” The answer is that as 
the excavation is within the area to be filled with 
water the scars ultimately will be covered. Also, it 
has been found that the soil particles that have 
settled deep in the gi’avel beds are rich in nutrients 
for the fisli population of the lake. 

The second discussion topic is: “How did the 
gi'avel beds form?” They are located where narrow 
steep valleys widen into the gentler foothill slopes. 
Evidently, the material that eroded from the 
mountains has f)cen dropped by the rivers at the 
points where the water velocity decreased sud- 
denly. 

The foregoing thoughts are but an introduction 
to the discussion of environment and how it can be 
changed. They should provide a stimulus to crea- 
tive tlioughts in the c!a.ssroom and in the field. 


B. Other Land Studies 

1. WHY MAKE LAND SURVEYS? 

Surveys are methods of finding information 
about land what it is liice, how it has been used, 
and how it should be used. 

A classical type of survey is that of locating 
])roperty lines by le/al description. Three different 
types of systems are used throughout the United 
States— one for east of the Ohio River, one for 
Texas, and the Town.ship/Range metliod. The lat- 
ter system locale.s land by Township (measured 
north and south of a reference lattitude “Base- 
line”) and by Range (measured east and west of a 
reference longitude called a “Principal Meridian”). 
This system uses 39 different set.s of Baselines and 
Principal Meridians for about three-fourths of the 
48 states, and five sets of Ba.selines and Principal 
Meridians in the State of Alaska. Figure 19 shows 
tlie baselines and principal meridans for tlie United 
States. An application of this is shown in Figure 2, 
which show.s the range and township boundaries in 


tile Bear Creek dam area. Additional information 
on this subject can be obtained from the local 
Bureau of Land ^Ianag<■ment. 

In urban areas, surveys are made of traffic den- 
•sities lo determine the routes that are most heavily 
travelled. The most common method is to |)laee 
pressure tubes across the roads to count the num- 
ber of times veliicles run over them. Other traffic 
surveys are conducted by olisei-vers at strategic lo- 
cations. Traffic .surveys of this type can count the 
number of vehicles by type- private ears, delivery 
trucks, buses, ambulances, etc. while the pre.ssure 
tubes count only wheels. 

Sometimes it is neee.s.sary to determine who the 
people using the roads are, where they live, and 
where they ai-e going. Public transport system plan- 
ners need information to develop the most useful 
passenger routes. In surveys of this type samplings 
are made of the traffic at siiecific times; veliicles 
are flaggi’d down, and a few simple, well cliosen 
questions are asked of the driver and passengers. 
Because it is important that the people questioned 
sliould be delayed only a few seconds, tlie ques- 
tions must be em'efully planned, and the questioner 
should be able to record the answers on a report 
form firepared in advance. 

Rural land surveys are conducted for many rea- 
sons. 

There are parts of the Stale of California where 
agriculture survives through intensive iiTigation. 
Farmers using irrigation water are required to pay 
for the water according to the amount used. The 
method used is to assign an irrigation tax based on 
the type and acreage of croji to be grown. Some 
crops need little water; some need a lot. Figure 20 
is a Skylab photo of agi'icultural land adjacent to 
the Salton Sea in Southern California. It clearly 
shows the pattern of fields in the area. 

The irrigation autiiorities in California discov- 
ered tliat some farmers were paying taxes based on 
one crop but were gi'owing crops that required 
higher taxes. A system of aircraft surveys was in- 
troduced to identify crops in photographs of the 
area. 

The technique of making these cro]i surveys 
relies on the “snecLral signature” of the crops. If a 
number of fields with different crops ai'c photo- 
gi'aplied at the sairu’ time with cameras sc'iisilivt' lo 
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dilTfvo'iU wavoU'ugths in llu' visible light and infra- 
red wavebands, the various crops will have differ- 
ent appenrances in the photographs. The surveyor 
only needs to hav^ positive identification of one 
field bearing each crop to identify all the fields in 
the photographs. This technique is described in 
more detail in Obson'infi Earth From Shy lab, a 
companion volume in this series. 

In the California gi’ape country, raisiius are pro- 
duced by spreading the grapes on kraft paper 
sheets on the gi’ound between the rows of vines. 
Airborne photograiihic surveys were made to deter- 
mine how many acres of the vineyards wore “laid 
to rai.sin.s.'’ The photogi'aphic team developed an 
experimental progi'am to determine the combina- 
tion of photographic films and filters that gave the 
clearest spectral signature of the raisin drying areas. 
Then by comparing the quantity of grapes on the 
ground with the quantity on the trees in a few 
samjjle areas, a statistical survey was made daily of 
the entire area. In this way, a balance was main- 
tained in the harvesting of the grapes for raisins, 
for fortification of wines, or for the table, 

2. SURVEY OBJECTIVES 

Before any survey can begin, it is necessary to 
identify the subject and the reasons for the sur- 
vey—in other words, to identify the objectives. The 
number of survey topics that can be addressed by 
students is limitless. In this section, a few examples 
of survey topics with suggested objectives are pre- 
sented. 

One topic could be to determine the distribu- 
tion of recreational land in a city relative to where 
the users live. Tire objectives of this type of survey 
could be: 

1) To relate the distribution of recreational facili- 
ties to population distribution; 

2) To develop an understanding of the factors 
that govern the location of recreational facili- 
ties; 


3) To relate the reereational facilities to the com- 
plete ecosystem, i.e., the effect the facilities 
have on wildlife, plants, etc. or tlie importance 
of the wildlife on recreational activities in tin" 
facility. 

Another topic could be a rural survey to esti- 
mate the acreage.s of different crops in an area. 

Some objectives of this kind of siuvey could be: 

1} To evaluate the role of the agi'icuUural industry 
in the total ecosystem and man's place in it; 

2) To locate the fields of farmland in the area and 
to identify what crop was planted in each field; 

3) To define the number of acres of each crop in 
the area; 

4) To define dry-land farmland and irrigated farm- 
land. (For example, in Figure 21 the difference 
in appearance between dryland farms and irri- 
gated farms is quite clear. The fields along the 
river volley at the lower edge of the picture are 
irrigated. Tlr' fields in the middle of the frame 
are dryland farms.); 

5) To estimate the yield of the crops in the area; 

6) To coordinate with the local farm bureau to 
determine the accuracy of the survey. 

Other survey topics for students include: 

1) The distribution of industries in Lire local area; 

2) The environmcuital effects of industries in the 
local area; 

3) Local transportation patterns; 

4) Factors influencing the location of industry in 
a rural area; 

5) Trends in residential growth; 

6) Factors influencing preservation of wildlife in 
the area; 

7) Application of unused land for agriculture; 

8) Environment and puvpo.se of range land; 

9) The role of the forest in our natural environ- 
ment. 
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IV. Types of Data for Land Use Studies 


Aftor a stuclont survey has been selected and 
the objectives are clearly defined, the next step is 
to apply the available data. In almost ail surveys, 
maps are required, 

In general, two types of maps ai'c mandatory— 
U.S. Geological Survey Maps and aerial photo- 
graphs. For surveys to be conducted within the 
boundary of a city, a current “gas station" city 
map will add information. For large surveys, a cur- 
rent “gas station” state map may be helpful. Some- 
times, special siuwey maps, such as Corps of Engi- 
neers plans or Bureau of Reclamation plans, are 
necessary. 

U.S. Geological Survey maps are available from 
any regional federal center or from some sporting 
goods stores. The address of the nearest federal 
center can be obtained from the telephone direc- 
tory listing entitled “United States Government.” 
More details on what to order and what to expect 
are given in Section A of this chapter. 

Other types of data include direct obsei-vations 
of features recorded in photograpiis or in note- 
books; measurements made in the field by means 
of surveyors tools .such as measuring tapes, levels, 
and transits; or data obtained by “remote sensors.” 

In this publication, the term “remote sensor” is 
applied to systems that record information from 
above the ground by instruments in aircraft or in 
spacecraft, i.e., the camera, an altimeter, or a spec- 
trometer. These data are available as photographic 
images or as electronic information on magnetic 
tape. 

Three general methods are or have been used to 
obtain remotely sensed data gathered from above 
the surface of the Earth— by aircraft, by earth re- 
sources satellites, and by NASA’s Skylab space- 
craft. The Space Shuttle, scheduled for launch in 
the late 1970’s, will also obtain remote sensor data. 

Aerial photographs of all areas of the United 
States are available in several different forms. 
Aerial photographs have been taken from altitudes 
of 12,000 to 25,000 feet of areas from about 4.5 
miles square to 9 miles square respectively. The 
classical application of data obtained by aircraft is 
for map-making. The information is generally ob- 
tained as photographs that are used to update ex- 


isting maps, to make new maps of unmapped areas, 
and to provide accurate contour information 
through analysis of stereo photographs (see iWkv 
Survey From S^ we, NASA Facts NF-67/1-75). 

Aerial photographs are available from the U.S. 
Geological Survey Photo-Mapping Service, the U.S, 
Department of Agi'iculture, NASA and from the 
National Oceanic and Atmospheric Administration, 

Remote sensor information is provided by 
ERTS-1, the first Earth Resources Technology Sat- 
ellite, that was launched by NASA in July 1972 
and is still providing information to the ground. 

ERTS-1 orbits the Earth at an altitude of about 
920 kilometers (570 miles) in an orbit that passes 
close to the North and South Poles. This was the 
first of a series of satellites with tlie primary pur- 
pose of demonstrating the usefulne.ss of remote 
sensor data in the study of surface conditions of 
the Earth. This unmanned satellite completes one 
complete cycle of scanning the Earth’s surface 
every 18 days. Information obtained by instru- 
ments scanning a 185-kilometer (115-mile) square 
area is transmitted to the ground electronically and 
converted to photographic images in four different 
wavebands: two in the visible light frequency and 
two in infrared. Figure 21 is an example of a 
photogi’aph obtained from this satellite. 

When the second satellite in this series wa.s 
launched in January 1975, the program name was 
changed to LANDS AT. ERTS-1 became 
LANDiiiAT 1 and the new satellite is LANDSAT 2, 
which has design life of two years. A third 
LANDSAT launch is planned for 1977. 

Remotely sensed data were obtained from 
Skylab in three manned missions from May 1973, 
to February 1974. Earth resource data were ob- 
tained as photographs and as electronically pro- 
duced images. Some areas were photographed at 
the same time by two camera systems. One was a 
combination of cameras that produced photo- 
graphs in six different wavebands— three in the visi- 
ble and three in infrared— all obtained at exactly 
the same time. Figure 20 was obtained by one of 
these cameras on June 15, 1973. The other was a 
high resolution camera that obtained photographs 
in eitlier the visible or infrared wavelengths. Elec- 
tronic data were obtained for altimeter apfilica- 
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lions, for dftorminiiifi surfaco liri{>hliu>ss Loinpora- 
tun*, and for n'otn'diiif; tho r<‘f|(>ct<’d radiance of 
the Karth’s surface in many thnerenl wavebands. 
Obscri'infi Earth From Sliyliih (NF-r)(5/l-75) con- 
tains more information on these instruments and 
the data iney olhained. 

A. Where to Obtain Remotely 
Sensed Data 

Tlie followiiift paragraphs aive detailed informa- 
tion cm the types of data available from different 
sources and show how to obtain it. 

1. EARTH RESOURCES OBSERVATION 
SYSTEM (EROSJ 

Earth resource data can be obtainc'd by writing 
to the EROS Data (’enter, a division of tlie Dejiart- 
ment of the Interior. The address is: 

EROS 

Data Alaiiagement Center 
Sioux Falls, Soutli Dakota 57190 

The EROS Data Center will assist in locating 
imagery and [ihotography to suit the piu'ticular 
needs of the* user. The center’.s computerized stor- 
age and retrieval system is based on gc'ographieal 
coordinates {latitude and longitude), the date and 
time of day the photographs were obtained, and 
the scale of the photogi’aphs. 

The requestor may fu’civide the' center with the 
latitude and longitude of the poin f interest, or 
may define an area by giving latitude and longitude 
of a maximum of eight perimeter poinCs. On re- 
ceifJt of a reejuest the crenter staff will locale the 
area of interc'st and will jm'tmre a listing of photo- 
gi-aphs from which the requestor can make the 
final selection. 

EROS stocks Skylab iihotograiihs as well as 
LANDSAT (ERTS) photographs. The Skylab 
spat'eeraft opc'rated at about half the altitude of 
LANDSAT Consequently Skylab photograjiha 
contain itk; detail than LANDSAT. 

If you elect to use Skylab photograidis in your 
study, it is (lossible to help EROS speed iqi your 
order by quoting tlie s[)ecific photograph numbei-s 
of the scene you need. You (’an write to the fol- 
lowili: iftdress for lielp. 


Lyndcm H. Johnson Space Center 
Research Data Facility 
Mail C’ode TF-S 
Houston, Texas 

Include the names of prominent features in the 
area. City names, rivers, and mountains should be 
includc’d as well as latitude and longitude, Reseigch 
Data Facility personnel will check through their 
catalogs and i)rovide you with photograi)h idimtifi- 
v’ation numbers that you can then send to EROS to 
obtain the copies you need. 

At the time of writing the [nices of EROS 
photographs are; 


EIITS/LANIOSAT 


Paper 

Prinls 

Kciile 

Black ii 
Wtiite 

Color 

Areit of 
Plujtojira])h 

7U mm 
sqiiairo 

1 


.SI. 25 

— 

I 19 mi st| 

axO in. 

I 


$1.25 

$ 7.00 

1 10 mi sij 

iHxlH in. 

1 

500,000 

$3.50 

.$15,00 

110 mi sq 

3Gx.'}(> in. 

1 

250,000 

$0.00 

.$25.00 

110 mi sq 

Film posilive.' 
costs. 

ure iivuilnlile at two to three times the iUxive 


SKYLAB 


Iniaae 

Si/e 

Print 

Price 

Black & 
While 
Trans- 
,iarency 

Scale 

Area of 
Photograph 

2.2 in. sq 


$2.00 

1:2,850,000 

100 mi sq 

6.1 in, sq 

$ 2.00 

— 

1:1,000,000 

100 mi sq 

12.H in, sq 

$ 5.00 

— - 

1 : 250,000 

1 00 mi sq 

25,6 in. sq 

$12.00 

— 

1 ; 250,000 

100 mi sq 


{’olor reproductions c’ost about three times as 
much as black and white. For more details write to 
EROS at Sioux Falls, South Dakota. 

Another outlet for EROS services is located in 
Bay St. Louis, Mississijipi. At the National Space 
Technology Laboraten’ies, anyone can obtain a 
wide variety of Earth resources information and 
order i)hotograj)hs by writing to the following ad- 
dress: 

National Space Technology Laboratories 
Bay St. Louis, Mississippi 37520 
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2. U.S. OEOLOdlCALSlUlVKY 

n.S. (Jf’olofjical Siirvoy (USC5S) maps arc aval I - 
al)U» from any rcfjional Fc'clcral (’cnlcr and frtmi 
certain commcrfial slort's sucli as sportiiiK floods 
slori's, TIu> nearest address slioiild be listed in the 
leU'phone book nnder “United Stales Ciovern- 
menl U.S, GeoI{)f,'ieal Survey,” 

The most commoii USGS ma)is are of an area 
7'/.’ minutes .square or 15 minutes stpiare that is, 
IV 2 or 15 minutes of latitude and 7' !? or 15 minutes 
of longitude. The scales of these* maps are 1 :2 1,000 
and 1:62,500 respectively. Both are sold for 75 
cents each at the lime of winting. 

Other maps are availalile. Check witli the USGS 
office for more details. 

3. SKYLAB EARTH RESOURCES DATA CAT- 
ALOG. 

The tikylab Earlli Resources' Data CaiaioK 
(GPO-3300-00586), prepared by NASA, provides a 
complete inde,x of Skylali earlli resources jihoto- 
gi'aphs and other data, plus direction on how 
copies can be obtained. It also provides a discip- 
line-by-discipline review of possilile uses of the 
Skylab jihotographs and data with ajiiiropriate il- 
lustrations. It is intended as a ba.sic reference work, 
or tool, for farmers, scientists, engineers, students, 
mineral developers, or anybody else who has a spe- 
cific need to obtain, interpret, and use remotely 
sensed information. 

The catalog is divided into six major subject 
ai’eas: 

1) Land resource management'-This term encom- 
passes familiar issues of public policy related to 
such matters as population grinvlh, economic 
development, land use, depletion t)f natural re- 
sources, urban planningt transportation, and 
environmental impact. To meet dynamic map- 
ping and monitoring requin*ments, satellite 
data are currently being used by seven states 
(Alabama, Alaska, Arizona, California, Iowa, 
New York, and Ohio) and three interstate plan- 
ning agencies in the Midwest, New England, 
and the Middle Atlantic regions. 

2) Water resources— Skylab and other space data 
are well suited to: e.xploring for new sources of 
water; making inventory of existing water sup- 
plies in lakes, reservoirs, rivers, and snowfields; 


and assessing water cjuality in terms of turbid- 
ity, sedimentation, and temperatnn* (by ther- 
mal .scanning). Deitlhs of shallow bodies of 
water can alscj be I'stimaled with some ))rcci- 
sion. Space observation can establish the area 
of a watershed and facilitate stmly of stream 
channels in relation to an entire drainage sys- 
tem, runoff [patterns, and possibility of flood- 
ing. River ice, crucial to lrans])orlation and 
flood prediction in some ))arls of the I’ountry, 
can be watched. Coastal lands, estuaries, and 
wet-lands witli their ecological as well as eco- 
nomic signifii“ance-can be delineati'd for anal- 
ysis. 

3) Marine resource.s- From se<*king to ['slablisli 
patterns of movement of schotds tjf fish to 
measuring degr(*es of roughness of the oiien 
sea, Hkylab data have increased our knowledge 
of the world’s oceans and heliM'd [loinl to oper- 
ational mai'ine satellite systems. Better weather 
forecasts and charts of ocean currents and ice 
conditions are expected as direct results. To 
measure oceanic roughness or sea state, a mat- 
ter of vast practical im)wrtance t'l shi|)pers, 
Skylab successfully t(>sted a combination of in- 
struments (radar scatterometer, microwave* 
radiometer, and altimeter) that provided ocean- 
wide readings starting at small-scale roughness. 
Channels, .shallow areas, river discharges of st'd- 
iment, and other features of waterways often 
show up better from space than by any other 
means. 

4) Geology and mineral resources- Obviously, 
space f)hotography and data acf]uisition are 
made to order for geologic investigators in 
every facet of tlieir work from theory to a(*tual 
mineral lU'ospecting. In exploring for minerals 
and hydrocarbons, the cost iH*r mile of space 
coverage is lower than for any other mc*thod. 
Major mineral exploration organizati{ms have 
been working with flkylah and LANDSA'F 1 
data while incorporating u.se of space data in 
plans for the future. Space sensing, it is pointed 
out, should be seen as one basic step in the 
overall prospt'c'ting progi-am. After reviewing 
satellite data, mineral exploration target ma))s 
can be constructed with a rating systi’m to incli- 
cate the relative likelihood of dc’posits in each 
target area. Decisions on further exploration 
such as aircraft remote sensing, seismic profil- 
ing, geochemical analysis, or field testing can 
then be made with a far gi-eater chance of suc- 
cess. 
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6) Agrioulluiv, forost, and I'anfjt' ruKourcas- -Sur- 
vey of the world’s rice crops and battling Black 
Mills beetles ni'(> only the beginning in these 
fields. Potential space applications are enor- 
mous; crop and timber inventories, yield esti- 
mates, comparative analyses of crops, detection 
of diseases or insect infestations of vegetation, 
reconnaissance for potential logging operations, 
location and mapping of forest and range fire 
damage, determination of animal-sustaining 
capacity of range forage, and multiple use plan- 
ning for forest and range lands. Skylab and 
LANDSAT 1 data and experience have made 
major contributions, and now are pointing the 
way to further hardware and techniques, 

6} Environment— In a broad sense, all Skylab ef- 
fort deals with mair’s environment. The data 
also proved particularly useful regaitling spe- 
cific environmental problems. Sources of water 
and air pollution often can be located and the 
spread of co’darninants traced for long dis- 
tances in a single photograph. Looking ahead, 
Skylab demonstrates the advantages of an 
Earth resources package, including both high 
resolution cameras and electronic sensors, com- 
plementing each other’s capabilities to perform 
a four-part environmental mission in space: de- 
tection, determination of source and extent, di- 
rection of aircraft surveys and ground measure- 
ments, and monitoring clianges. 

The Skylab Earth Itcsoiirces Data Catalog is 
obtainable from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (Price $12.50). The book number is GPO- 
3300-00586. 


4. AGRICULTURAL STABILIZATION AND 
CONSERVATION SERVICE (ASCS) 

Three different types of Earth resource data 
are available from the U.S. Department of Agricul- 
ture ASCS-ERTS/LANDSAT data, Skylab data, 
and aerial pliotogi'apby. 

The ERTS/ LANDS AT and Skylab data can be 
ordered from ASCS in a similar manner and similar 
cost as from EROS. The aerial photographs can be 
ordered by state and county, and by symbol, roll, 
and exposure number as listed in the state ASCS 
office. These photogi-aphs can be ordered from 
either the Eastern or Western ASCS offices. The 
addresses ai‘e listed below: 


Eastern Aerial Photography Laboratory 
ASCS - USDA 

45 South French Broad Avenue 
Ashville, North Carolina 28801 

Western Aerial Photogi-apliy Laboratory 

ASCS - USDA 

2606 Parley’s Way 

Salt Lake City, Utah 84109 

If the state ASCS office is not convenient, 
either laboratory above will assist in identifying the 
numbers of the desired iiliotogi’apbs. Typical costs 
of the photographs ai‘e: 


Si/c of Prints 

Approximnto 

ScuU' 

Cost of 

Paper 

Prints 

Co.st of 

Film 

Po.sitivos 

in. 

1:20,000 
(1 in. = 1G67 ft) 

8 2,00 

83.00 

12x12 in. 

1:13,840 
(1 in. = 1320 ft) 

$ 1.00 

81. .'50 

17x17 in. 

1:12,000 
(1 in. = 1000 ft) 

$ fi.OO 

86.60 

24x24 in. 

1:7920 

(1 In. = 660 ft) 

$ 6.00 

$7.60 

38x38 in. 

1:.1800 

(1 in. = .100 ft) 

812.00 

86.00 


5. FOREST SERVICE 

The Forest Service, a division ot the U.S. De- 
partment of Agriculture can provide aerial photo- 
gi'aphs of numerous locations in the United States. 
Black and white, or color prints can be obtained of 
scenes photographed in visible light or infrared 
wavelengths. The prints are ip a range of scales, 
predominantly 1:15,840 and 1:80,000. 

Requests should be sent to the Regional For- 
ester in your area. The address should be listed in 
the telephone book under “United States Govern- 
ment— U.S. Department of Agriculture.” Alterna- 
tively you can wite to: The Forest Service, U.S. 
Department of Agriculture, Washington, D.C, 
20250. 

B. How to Use Data 

The multidiscipline study plan de.scribed earlier 
in this publication outlines the use of data for a 
study of a flood-control dam. A different type of 
study, such as a rural survey with the oiijectives of 
studying agricultural land use, would require that 
the data be used somewhat differently. 
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A rural study n‘quiros the* samo kind of data: a 
gas station map, aerial photogi-apiis, nuiltispectral 
space photogi-aphs, and USGS maps. 

First, the user would study the area of eoneern 
on each of the above data. Each set of data would 
then be related to each other to obtain a tliorough 
understanding of (.ho area of the survey. The gas 
station map will pre.sent the area in a large scale 
and in a format familiar to the user. It would gen- 
erally orient tlie area in relation to .streams, lakes, 
citie.s, highways, and railroads. The aerial photo- 
graphs reveal the study area in a scale so the user 
can recognize all major features— buildings, fi -Ids, 
structure.s, rivers, vegetation, etc. Tiie aerial photo- 
graphs can be obtained in approximately the same 

scale as the USGS maps that define geological fea- 
tures. Space photogi’aphs are valuable in this type 
of study because they .show the watershed areas, 
streams, valleys, and general land formations in a 
lai'ge area. Multispectral photographs from aircraft 
or spacecraft can bo uied for croj) identification 
and detection of crop disease. 

After the user is familiar with the data col- 
lected and has combined the e.ssential features on a 
single layout, a field trip should be made to the 
study area to compare actual conditions to those 
indicated on the maps and photographs and ensure 
that the layout is up to date. To identify the crops 
that were in each field at tlie time the multispectral 
pictures were obtained, the user must identify at 
least one field of each crop in the area. This will 
make it possible to establish the “spectral signa- 
ture” of that crop as derived from the niulLi.spec- 


tral pieture.s and then to identify every like erop in 
the area by merely analyzing the multispectral 
photographs taken during that same growing .sea- 
son. Refer to Obm'viitg Earth from Sliylab, 
NF-5G/1-75, and the Skylah Earth Resources Data 
Catalog for more information regarding the inter- 
pretation of multisj)eetrnl phologi'aphs. The tecli- 
nique consists of comparing the gray tones in the 
photogitiplis with a graduated gray scale, sueh as is 
marketed by Kodak, and reeording the set of tonal 
values for eaeh field. All fields witli the same com- 
bination of tonal values {spectral signature) .should 
have the same erop in the same state of growth. 

To determine the total area planted to eaeh 
cTop in the scene, tiie user can measure the area of 
all the fields with the same “spectral signature.” 
Also, by similar analysis of multispectral t>boto- 
graphs of the same scene taken tiirmigliouL the 
growing sea.son, the relative liealLh of the plants 
can be determined, thereby allowing the user to 
estimate the yields of the croi)S. 

nigh resolution and infrared photographs can 
be used to loeate irrigation ditches and to differ- 
entiate between the irrigated and di'y-land farming 
areas. 

After the spectral signatures have been estab- 
lished for the entire area, a field tri]) should be 
taken to fields not visited previously to verify the 
accuracy of the survey. The final results should he 
coordinated with the local farm bureau office 
where these types of data are gratefully n'ceived. 
Here, the user can gel an appreciation of I he rea- 
sons for rural surveys. 
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Appendix 


How Land Is Used 


This appwuHx has bi>c*n prc>piuc>d to c>nubk' 
oduc’atcjrs to ln*lp students understand tin* interne- 
tions between the eomnuinity, tlie environment, 
and the land. HuKpestions are ineluded for elass- 
room aetivitic’s or diseiission tliemes to stimulate 
creative thoufthts by tlie edueat(jrs. 

Cities, hiKhways, and industry take up about 
3'r of the total land area in the United States. 
About GO^f of the land is used for aRi’ieuIture and 
livestock. The remaining 37'f comprise f'overnmenl 
land and reservations. 

Land prices vary trenu'iidously Iiased on loca- 
tion and potential use. A square foot of land may 
cost $200 in a metropolitan area and less than a 
tenth of a cent for some livestock iiastureland. To 
a larfje extent, the price of land determines what it 
will be used foj— where to route liigliways or power 
lines, where to locate a factory, and where to build 
permanent or recreational homes. There are other 
considerations involved in the use of land. Sites of 
historical or religious interest may be pre.served 
apainst development repiu-dless of cost. More effec- 
tive use of land becomes InereasinRly important as 
population grows and teelinology advances. 

URBAN LAND USE 

Land in a metropolitan ai'ca is used for tlie 
following purposes: commercial use, housing, 
recreation, utilities, and transportation. 

Commercial Use 

Commercial land uses range from the small 
merchant’s .store on Main Street to the large old 
industrial plant on the fringe of the downtown area 
or the new industrial area in the suburbs. Each has 
its role in the economy of the eommimily. The 
business use of land is based on a nvimber of eeo- 
nomii' factors and can be summed U[) by the con- 


cept that the income from the business, in addition 
to paying salaries and profits, must sui)porl tlie 
cost of owning and maintaining tlie land on which 
it is situatt'd, 

Diffi’renl types of iuisine.sses have different 
land use requirements. The basic reejuirements for 
a jewelry mereliant are a display area for bis wares 
and a small storage area for his inventory. Ills iner- 
cbmidise is cliaraeteristieally small in size but liigli 
in value; his entire inventory is not bulky. 

A doctor’s needs are different ^ wailing area 
and a number of private consultation rooms m*e the 
principal requirements. Space for storage for the 
doctor is also a very minor consideration . 

The large factory is a different ease. Blorage 
requirements almost equal the area devoted to 
manufaeturing. Transportation is an important de- 
ment ill determining the location of a factory. Em- 
ployees must be able to travel to and from their 
work. If adequate public Imnsportation is not 
available or used, parking tu-ea must be provided. 
Deliveiy of raw materials to the factory must be 
possible by road or rail, and delivery of finished 
products must also be po.ssibk-. Ask the student to 
list tlie special Iraiisiiortation retjuirements of the 
following factories. 

A factory tlval makes aiilomoliiles. 

A factory that makes ships. 

A factory tliat makes airplanes. 

A factory that malees potato I’liijis. 

Have the student list some other businesses that 
have llieir own uniejue land use re(]iiiremeiits. 

Housing 

Residences must be made availalile for all levels 
of income and retjuire a considerable amount of 
land area. Zoning of residential lU'cas must be seri- 
ously considered iieeause families with the same 
income place different (>mpliasis on tlicir living 
conditions. A family in the high ineome bracket 
may prefer a beautiful large home* with opem space. 
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tviulf* siMoihi^r i plush flly ap«rt.i»«iit 

With iiu iiiuinPuKim’t' v *nt>s». 1 Vrtattily ty|»i‘s. 

ttf dw»'llin>is fsiuuu? ii* \h>tmitiv4 U> b«* nimhiruly 
httiit rliruughtuil t*'mk‘ulul mem Im'aust* the r»b- 
of both w.'oukl hr In *h»» 

Of low h^uckots. otw fwtnily muy 

phat'o rmpba'is on a lain moik l tar ami another 
fanniy Hith similar iin-oiiit' will |wf«*r ?« tirivr* no 
ukh-r aiul -.{H'lHi the n-sulline ^avtni*>4 lu up- 

jjiradr !ht*ir “A man’s h«»mc ss his nustlt'” 

rt^panllfsf, of th«- t.v|vn it is, Wh<h N*r iargn or small. 

n*pn‘sr*ut ih<‘ larp‘sl part of nidst 
family budgets. For ihosn masons, all nu tropolitaii 
smnis provtdt* for tarym^ proj«*rty »i/fs as as 
home 

Haipu'-st y<iur .<f iKlt-nis to list soiin* ar*-as in 

th»»ir vommunUy lhat »«• mm'4 tor apart tiwms 
and -soom ar»T.s 5 has an* r-oiiod for om*- family P'si- 
dfians, Also, havo thnm li.sl other catej,«rie.s of 

zoning' besiden housing areas. 



lpar/m<‘»d Towwji, llosloM, 

A/a,'Siit7»oef fs 


Eeer«tioti 

Ke!-p.ui!iori«l areas are e-iable lied tthere people 
eaii etijoy ibeir leistm* time. I.aki-N, parks ami play- 
grounds provide for family eii|<>ymeia, .\thletie 
fields are provided to enrourage jn*op}e of all ai»e>. 
tti partsi'ipale in some form of athleties to rnanuam 
food /health in the rommimily. One of the litriiesi 
uses of land for uri:.«iired P'< reatumal purpovs is 
flit golf e{»urs«*s. 

A,, the sliayartl ivttrk we<*k is rf<twee<i, peop!.- 
have more tune to Use rm-realioiial area*-, and be- 
e:ntse there is less matuHil labor tvpuired by imtsi 
Jtihi, people need jiiore m-rv'titlon. lien* arpim, (fte 
tM.pulalion merea-** sttld the P-elinology atlvaiiee- 
intmi dimdly iri-flueriee the m-**4 for ihese areas. 

Heeauw reerettfton also irirlutles waieJiiisg utle 
letir at'lsvUies, s|Nvtalor sp.is‘f must Im* provided at 
athhlH field'. ra< « ir;u ks. e!e .vhikmg ii list <if 
alhtHir iei!Vlli**s exisimg in >our local Bre.i v, ill 
ii-lp ut tdetiiify the ones most likely to liflrai’t 
sfM'ftjilors and lh<jse wtiieh are least likely. 


tai)ipi*s 

Land murt l» pt'ov'kiisJ m w near I'ipes fur 

Utildy servH >n ihaf are necessttry for sma-iy to 
fuueiior;, fuis. oil. ami eoal are exlnu t«l from the 
earth and are U»,etl tu general*' eh etJii ;ty For. iT 
geaeraimg spuions are large funliues in which the 
etu-rgy in gas, oil. or mt< iear fnel ts eomerusi into 
electrical |,«»W’er, {‘lairatieri.siuitilv, junv^'r gesier 
atirtg htMuim are loeiiitsl m or near the ciu»',-, so 
ilu*y are close to the usiT' ul the power thev guser- 
aie. f\m and oil-p«wert-d Kem-rating (ihmts, oi 
power stations, need fuel supply svsicius. (oat 
fimJ pow-itr slatio'fts neeil eoa! siorage arisK m midi 
tioit to sufsply hill's, 

RegtirdteBS of whether oil wells are loeaPai in 
ihe ruea, mo.si eities of sigmfM-aul .size m the 
1‘mred Stales euritiiin oil refitieraw. An uHeresting 

rl.iss activity would f«* to talk !o luc al «jtl p'!';ne)_, 

(.ffirials to discover why this is smo 

\\ a! er supply is .u.Mtiu r utdil v c.M'olsal tie- 
community. Waler supplies .to- drawn irom umler- 
grouiul souries <>r Irom w.itcr th.it li;e dnimt d into 
the mef valh'v- and colh‘ite<| m reservsjirs 'lhe.se 
reservoir . may l»e inau> nnle^ bon th» -ta • I'cu 
fUat.on and fiumptng stations ar> ttsunlK locatinl 
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U> ili«* ritii's. ’F'his 

4 tomasiiinatmg iIh waIm by imiapmu it 
through loug s«|i|>ly |h|¥*s ufk^r it ha% hvt-n |4iri; 
ri«iUu ' 'h/h 




Ai thy other **nd of th<? utility $}wtruin «» 
WtKle d»ho«ii tm «’¥/aict* iii«i trash, 1’Itfsi,' 

sy^teriw liavo their laud «»> rt*c|uire!H<*nt». 

anti afaij ivijtiirt' rigtirtiU}. eiiviroritiwait protection 
thivu your ?«tutlrrU*i list s<nTit» laitiron- 
menial re^trirtkws lliai 3!iii-l hi- on tho 

hu'.ftiun uf aao!**' {li's|HHaI -sYOa-iils. 


rin’ ioralion uf tU'W airports ami t.lw t'Xptmmon 
of I'Sisitliiig onus h>t>% anolJirr hpI of liinil um- citr- 
'•ider.it ions. frt>ni <>l>viou« fiiohlow;-. <A Imge 

aiiimmli: of luml reoiHr<*!:,l, Ehera aie mher 
Iti eonsidfi, sueli at xah'tv and riooa 


iMH'IMina! ion 


is a vital part of oin sorii-ty .inti 
.. >\ all' vajK'i \ <P’ land Usf Heeds, K uiulh and 
' • eomiiiiiiiii ies, ‘I'bey 

■ ■ ■ sie 5 to move people 

; = 'e M*nita>s, 


mUiAt L.W'l) I'.'st 


laiiid in rural area-, li.e. a i.m- 
eluding;: agriroiture. indu'-n > , . i 

. fore -J r\' r- i re. . ! „ , a 

menial 




\ : muh.K yjiaih fe.it.ae is ihe }WlliJ|g lot for 
■ ■ I nilhhi and i«dwt‘«»n 
smnnH i i.tiir sOalenhs to givu the nisl| 


Xt'in iiMiio 


Thmiigiumi tie- a. .rid lia .he!,.' 
lurid are the Ktiiiv- rai-sm- loe.-,,, | 
emps. Hid thal is win le de aeei.o.o -d In. 

leehriiijues of fm-.t,,, i. , p, 

rattle are <-oiwid* red su-red .md ,.re •Nn,ei:..l 
go when* they noli a-itlmui <<.nfr<.-; i lie 

afte'mfif {o eonveri eutlh lim'd;;-., 'hih.- 

in Kenya. aTa/e liirir e.niU' or oai .j„jt.e 

Vi'getalkiii hut do nut 'Itr.iylst. r 1 iiem I'm > )i, <t,nat 
Inslead, they um« the hloMii of ihe umsiaK ‘ur 


In Derinuirk, wtle.re tj'it* ,«f fooil 

hertarr r 2 ,'ITl a.ert-s> is (lossihly thii*. higtUi*»| j|i fljt* 
world, rattle are Knmed w,lt<'rev*‘r gmm arimts, lit 
I be IJiitiec! Bliites, i'attle are gnt/rd filsi: iiu itji* 
of'wn range ntwl limn fiiUiTHHi in fe»y! lof> .wliere 




::bsit 0 B an<| xw»d in brooder houses. An iru-ubator 
maintain)! tlu' u*mjM*n»tur<* and humidity iadter 
than a molh4<r hen and pnahit higher hateh sui - 
<-im. Ihe brooder })rovides th<> young fbkks with 
the ultimate in living condilioms for the first few 
weeks of their !ive.s. Adult ehiekens tlum s}x>nd the 
ri'st of thinr prodnelive liv(»s in rages. Fr>od and 
water are pmvided awomtitically. Illumination o'" 
the building k arttfirial and is controlled auto- 
matically. f.ggs are I'olleeted. i’he«*ked, graded, 
cleaned, and packaged automatjeallv (for mur.- de- 
tailed triturnialiun, see the \atu»uii (fcofff'uphic 
Magazin‘\ February 19701, 


crops are grown on land that is cuitivated in the 
slash and burn miinner. The trees and Isnish on the 
lantl iure cut down and burned, and erotw are 
planted on the soil that has been “enrit lu-d" by th)* 
ash. When the stnl is depleted, miother tirea of 
forest is cut and burner!. 

In some an-as in Soulht'ass Asia, rice \% gnmn 

m terrae,-d fields that follow the eojitonrs of all 
hut the ueepi'st hillAdesso dial very little ,ivailabh* 
luml k wasted. 


Himtlar levels of mechanization are pos.sib!e jn 
the production of mtlk and milk products. Ask 
your students to identify snme of the machine,- 
u.s»*d in milk pr'Khirtion. 

Him liar variety exists in thti umi of crop prre 
Elu« tion. Then- are still {larts of the worl l where 


Crop prodi.tion in tin- friiteil Stales varies 
from th<' small truck gurt.len where vegetables are 
grown for sale at raadmie stands, to the vast, higle 
!y mechanizMl, v.le-al farms of the mahve-t w :>rv 
plowing, (ilantitig, I rtilizing. prot«-ting agam-t 
]a*sts, ami harve.sUng are all tH-rfc.>rin<\l ijy machims 
t again see hiitkmal Geogritph.i- Magitztne. Fehruarv 
1970), : 7 
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Exampie of tJm VomMmtimi of Hea and Land Tramporutiton iPrepucked eonmner^ (ratuporird on diipn 
are loath'd on truvks for diract invrhnd dtdiverx. ) 






unU', -ir,- . ,tr*‘ Hi rural for 

•> Api Hri'i’ln nf ty| KM»t‘ IftlUKtry 
m;h‘ f.-. jirirtluctb Mll’h ® 

f\\K < >*f fti.tifi'i.'iU Hiirh rjiPflitMx’livf 

i'.i Hi ipj THia/.'trdcjii- an,* lo* 

.'.,‘.'.1 id It ,• P'!i' If!, isthdr than the 

ili|ililiiiilllillllliilllliilllf®ll 

•.Hiildiii-- li-t h.iaf ; fit {lint are loeak^ 

Ji; t.;-. li.-miti'v ti>. jji to {/iva T€.mim for 


fmhim Thrir i.i’hi-h 
CalomdiK 0*f;r;ii Fariniv 


Knertjj 


‘I’htf ^otirt'»s t>C <*t . (’ity pirt- fM-tiuttitlv 

away from t ho rfiiit'rv of |n»|>aia(!on. < 'hhI m;j> Im 
tibtium'cl <'iU!<-r IVum <Jiv|> undfruruuml in 

dUjg out iA>v,uns iIki! h.uo bt-tH, vS,SN.>.i><t ii» what i? 
oallfd or <trip-miiiin^ «>jx'ra( luus. W hih 

ihv nhie\ muw-i are l-iwaltal m urbttjv 'afniss 

b«H‘alK<» tho lowit> hitvt* d<'V<<lu}i«*d arotfiifl tli« 
the o}MT,-fj«'»‘ ;ii>fiviti»w tin* Joratt'd in o(ai: 
i'ota'rtry. 




D<»|i minfSi ri'tjutr*'. «if hpt-vUiVy/j‘d I’h 

t'dilios inriudiiij! Imilftitigs to hoy«-> thf ma.'tAr'nv 
that raiw"< t!l«‘ < oal anti tht* 'ttt'tfkcrt (,<* tjo- sau'wc, 
<><wl siirtinn iT5a<‘tiinrry, r;hlrot>4 t-;tr toartivi j }... 
awl areaii in whioli lodfinijt whyu. fMttdHii *, < *ih"‘ 
law o|w‘i'atlons can !y,> h, ,j.t, 

prorturH ha<k «llo th>' t><> >'i, u,,r- i.hi. i, n . < ,,, 
i« jwniowd. 


j .,.■<(<! 1 \ t t ') ill 



-\s.k ihe lu d!i<c«sA a r<n**tit onvimmwntal 
issiH* n'lau ii to ofH'n fat'i' foal mininiJ. 

Katnlitu's fur fMriuiin^ oil or natural >!ii> from 
tin- p-ouiul arr snmlarly Somo an* in 

urban arrsa*, but thu mujoniy an* hnaUHl in rural 
art'ite. In fart, sonu* an* kwaUnl milo.s <.>ff short*. Thi> 
laiui lniM'd ml Wflls. of j*r*“att*r inturost than off* 
shore fut ilities in this distu.ssioii. r«*<|Uire pumping 
nuifhinery, >tora>it‘ tanks, and the etiiiipnien' n*- 
(jujred to transfer the oil to other forms of trans- 
jH>rtatu>n sueh as ships, nnlrtuid tank ears, tanker 
trucks, i»r pipelines. 

Electrical ptnver is product*tl in factliues lo- 
cated out.sidt» «)f, or quite remote from, th<* cUies 
that are the maior users of that power. Hydro- 
eli*ctrii* power stations must la* loeati*d close to 
res»»r\(>irs. High da. is hold back river water until an 
adequate and constant head of water c;ui ta* 
achieved to drive turtio-geni'rators. .\ field trip to a 



Grand Voulen ihdronh'vlric t'on er Ihim on ihv 
Cohtmbux River 


hyilmeleclrtc jaiwer stauon near your school 
would be a very interesting aetiviiy. Power -station 
personnel are usually pniud to havi- an oppori unity 
to d«*M nta* th»‘ir faeility and the im;iortuni featun-s 
of the proees-. 

Nuclear f* ered generating stations are usually 
located outs ac cities for diffen'id reasons. There 
has been much disi-iission ri*cenlly on the eiiviron- 
nu ntal harurds that may lx* assueialed with iheM* 
facilities. Ihe students cun lie asked to list these 
potential hazartls. 

-\ similar envirunm»*ntal discussion has devel- 
oped around a coal-fired electrical fHtwer siutirm m 
the four Corners urea,. When* is the Four Corners 
area and why is it so named Why is a power sta 
lion theri*':' What area does it provide with elet 
tricai power? 

'Iruasportiition 

Hoads. raiiriKuls, eltHlneal power hues, and 
pijM'line.s for oil. ga.s, and other commodines are 
requir»*d aero.ss the country. Hoads and railroads 
gener.div follow Ihe most direct routes that pro- 
vide easy grades anfl maximum .safety. 1 hey wouhl 
not he located in areas that are subjected tos<*veie 
flooding afu*r tsuh roin storm. Similarly traffic 
routes across mountains att<'mpt to use low alti- 
tude passes instead of high altitude passes. Haw 
the students give the reasons for this. 

The requir«*meius for mail and railroad build- 
ing are very similar. Thi* mam difference is that 
r<Kids ean use somewhat sti*e[H*r giades and .smaller 
ratlins bends. Can your students explain this? 

i develoiiment of the railroads in the late 
IHth century playixi a naijor role in the history of 
the nation, 'the m.ip shows a portion of Kansas. 
Note that the major railroad routes ran in ri la 
tnely straight lines, that numerous eummumtu-s 
are k)cauxl along Uiem. and that they are paraliehxl 
by highways. Have sour students explain why thi.s 
is so, Whii'h came first the towns, the railroads, or 
the highways? 

Overland transportation of gas and oil is firo- 
videtl by t-ross-cov. ‘ttry pipelines, raiiro.id tank cars. 


42 





iind l.tnk irurk.-» vn the high ways. A t»tt\v.>rk of 
jMlM»isw»s lh<> enmr i-ountry. A mov 

niajor pi|»t4iiii^ i-» now l>«ing i-onslryt'ird ufU'r name 
ymry. of arguan^nt over tlw laiviroanH'nlai i»ffec-fe. 
Can your mudosita givi* the mime and location of 
this fiipeline? 


oil while the “Little Hm inch" h;t^ ih-en 
for transportetHHi of jH'itoleum pro«lu<‘tN 


KUx'tririii power h “tra!is|H.»rt»,tr* across tlie 
country hy high voltage Insosmi^siou lines. The 
Simtimmiiin Magazine states that there are now 
some l2<Ht miles of powerlines iransmiiliiig elec- 
tru’ily at ILo.fHIO voUs, and that a** high a> 

2,hOO.(HiO are i».*mg i-oiiMdered, An interesting, 
and to some a d’suirbmg. feature is that fhe elec- 
Ine field around these lines is so strong that a 
fluuresi'i,*nt light hull) will light up without t rower 
comie-cf lolls even when held as much .is 5o feet 
away from the poweritne, A-k your students t»> 
locate the local main powr-i iransmissui!, lira's ami 
give the voltage. A visit to the htral imrilic service 
et>mp<iny or a visit h> one of the puiilic service 
engineers will he very juf. >rniaUve. 


"Si'Any commodifies are transmitted across ihc 
country |.hrougii pi|*es. .Mixtures of solids and 
Ikj.mis ran he pumped hundreds of miles through 
|>i[ieiiiM*s. I'he “Big Inch" (24 inches vhalUeteri and 
the ’■ Utile Hig Imm” i 2d inches <haniet< ri are ex- 
amples of this. I luring U I >rld War II, the govern- 
ment c./iistruetixl these pipelmvs under emergency 
cotsdstlojo to meet the deniaii'.L of war. They orig- 
inallv carrscil erude oil froin Longview. Te.xas. la 
Xew .lersey, .Wli-r the etm-rgt-nry they wi re soW to 
private mtiustry, 'I he "Big Inch" su!l i-arries crude 






For»-'4tj. fov»*r vast ar^as of tho iittlioii 'ihosi? 
vary from tho prvdomiiifttitly Itardtvowl forests tif 
th<‘ rasters states to the pretiotnirurnttv soflwtMKl 
forests of tin* »vests*m siales. The ImttJwoods m~ 
dude oak, ash, ma()U% and lire softwtKnfs 

are ita* pinm. firs, and retlwooib. Both types of 
wsw»ds are used extemivi'h* liy man. Ask the 
students how each lytM* of wood is used. 


In addition to providing a ^mms- of mw male 
rials, fiirests plav .1 vital role m the natural environ- 
ment of th»,« rountrs'. For many years, vse have 
he<‘I» iir}»ed to jm*vent forest fires that e«u en 
tlainter the lives of wild animals, die liies .iiid |*rup- 
erty of pi‘o|dr' who live ijeyrtn . and the hse- of Um 
men who fii»ht fires. Tan the eliiss list the daujters 
resnltnijt from fore>? fires? S\)W w*> are lojd iltul 
riatvindly starUsi fires in eertam National harks an* 
lieitiK allowed to burn tliemselves out. (’an tin* 



(jt’f'f.rihiioit of m»|> -^mu im 

♦*rnsKJSi hy jiitfuKil uml .irtifH-sjil whii i» its 

i.mn jtollufion of wittt*rways Jh:il dram Ihs-M' 

tNitt ihf MudoiJij* P’lato tfik jhiimIi* 
ti,t«i to th*< of for*'st firr.'* on }Higr 


<’on.s»Tvatiot> <»1 n^nvultutal lutHi main” 

tain fl«* qua!'il,\ .uui pro. fin itvtiy o| fanmlwais. 
roiiM-rvaUtin of rivcr> atv.i uihvr iiodtcs of waf'-r 

maiiiliurif. fh»* and qualslv of %<.af„»*r I'ur 

oiir l3('('d^, 


Tilt* lai (><’!*' anil ini 'I lind' of < iivii'onmi r.hst pto 
tivlion an* foiiiitiually iMpasMli'cl .i:» !«.•« 

|.lir**als lire* klentlfiod. n»st-,»> of rtv*-*' ibiojai an* 
With Imhihuy iTio rnmmii of 'hi- 
♦lOUntrysWn-* vdth UiliOMton-d o|>. ti-l'ai i> nMn.-. aoii 

the poMytion of lay troai aulu.'.iruil 

faiTlitw^. Vast 8p»a*» of andtadt aral fantl- ». h- a!- 
ch'slroyetl in ih*' t‘:wi> par* ol iim . i- ■( jr. a 
citllivalioo pr;t; Hial «In 1 sna, itroO-.-i 
the d^ilt'ate . balaina- ul' »ujl and i,!.iS.L.ral a.ios^a.urc 
ynique to that ar«'a. ll.'Tf- iln- Madi-tn-. daav tin- 
lU'ea affiK’UHl and tlie naoi .ippan'id re-ulu 


r/ii’Si.' Mfoai iht’te'i IN Cttfomdo arv Dedimied to 
it*uri ‘(tlmihil A ct ivt I ie:i 


Ktiviroiiinenial IVolection 


fTivironineiitai pruteftion or <am nervation Is 
being diseysw'd wiiii mueh greater frequency and 
interest in reeenl years. The oiijeetive m to |»re«erv»* 
tile natural i>y aiilfieUil wmliliona vA ll»» many iVa* 
Uir»?s of the emin try side. 


F.<M"h of us mu^t sIkiw fumeesm for tin* needs t»f 
eaeh part of the emnUryside \se \'kis so tint! we nui 
preMsrvr it for natore and for future vtstior*-. 


< 'rmservation of the forest areas prt'serves the 
II! y of the to-es and th«* milura! htdiilnt of the 

t liie in li'.e It helps retain t he ion soil in 
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Figure 6 Watershed Areas Draining into Denver 
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Figure 7 Index Rainfall Plots East of Continental Divide 


TEAROU'- SHEET 






STORM AREA IN SQUARE Ml LES 


TEAROUT SHEET 



40 60 00 100 120 140 

%. RATIO 

Figure 8 Index Rainfall Ratio 


53 


OENVEH 













ItAROUT SMgCT 









DIRECTION OF VIEW 




OF FIGURE 13 


Hf t'»in««i<’ 


Hi** »» :i 


"Jf HsxhSiid 


HuvImi 

l.-d. 


FIOODED ARfcA 


DIRECTION Of VIEW 
OF FIGURE 12 


*A*' K«r;W 


y- 


u >a 








